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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. Tl advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 


Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl’s standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems 
such testing necessary to support this warranty. Unless mandated 
by government requirements, specific testing of all parameters of each 
device is not necessarily performed. 


In the absence of written agreement to the contrary, Tl assumes no 
liability for Tl applications assistance, customer’s product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 


Specifications contained in this data book supersede all data for these 
products published by Tl in the United States before September 1986. 
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Copyright © 1987, Texas Instruments Incorporated 


INTRODUCTION 


Texas Instruments offers a broad line of Interface and Speech Products serving analog signal 
conditioning/processing and interface applications that may require higher currents and/or higher voltages than 
can be achieved with conventional digital devices. 


Tl’s Interface circuits represent technologies from classic bipolar through BIDFET, Advanced Low-Power Schottky 
(ALS), IMPACT™, LinCMOS™, and ADVANCED LinCMOS”™ processes. The ALS and IMPACT™ oxide-isolated 
technologies provide the Interface family with improved speed-power characteristics. LinCMOS™ and ADVANCED 
LinCMOS™ technologies feature a step-function improvement in impedance, speed, power dissipation, and 
threshold stability. 


Tl’s Interface products include such devices as data transmission circuits that tie computers and their associated 
peripherals together according to a set of industry (EIA) standards that prescribe line length, data rates, and 
propagation delays, among other things. With the recent growth of the flat panel display market, TI's high- 
voltage display drivers are providing cost-effective and reliable solutions to the AC-plasma, vacuum-fluorescent, 
and electroluminescent display markets. Analog-to-digital and digital-to-analog converters are offered as peripheral 
support chips in microprocessor-based systems and DSP (digital signal processing) related analog interfaces. 
Tl’s line of high-current motor/printhead and MOSFET drivers combine logic control and high current-drive 
capability on one IC. 


During the last decade, Tl has produced a wide range of speech-generating devices based on the technique 
of pitch-excited linear predictive coding (LPC). This technique extracts data from original recorded speech to 
define the control parameters for a mathematical model of the vocal tract. The speech generated from this model 
retains all the inflection and voice characteristics of the original spoken phrase while minimizing digitized data 
storage requirements; and it does not exhibit the robotic quality often associated with synthesis-by-rule systems. 


This data book provides information on the following types of products: 


Analog Switches 

High-Current Actuators and Peripheral Drivers 
Switched-Capacitor General Purpose Filters 

A/D and D/A Converters 

High-Voltage Display Drivers 

IBM 360/370 I/O Line Drivers 

IEEE-488 (GPIB) Octal Bus Transceivers 
RS-422-A Line Drivers 

RS-422-A, RS-423-A, and RS-485 Line Receivers 
LPC10 and LPC12 Voice Synthesis Functions on a Chip 
One-Chip Speech System 

Auxiliary Speech Memories 


These products cover the dynamic development of linear circuits from the classical operational amplifier to the 
high-performance A/D and D/A converters and speech-generating devices. New surface-mount packages (8 
to 84 leads) include both ceramic and plastic chip carriers, and the small-outline (D) plastic packages that optimize 
board density with minimum impact on power-dissipation capability. 


The Selection Guide includes a functional description of each product, and to assist the design engineer, the 
Guide is organized into sections containing information on key parameters and packaging. Ordering information 
and mechanical data are in Appendix B. 


IMPACT™, LinCMOS™, and ADVANCED LinCMOS™ are trademarks of Texas Instruments Incorporated. 


During the last decade, Tl has produced one of the largest IC socket families. TI’s sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. Details 
on Tl’s sockets are presented in Appendix B. 


While this volume offers design and specification data only for Interface and Speech components, complete 
' technical data for any Tl semiconductor product is available from your nearest TI Field Sales Office, local 
authorized TI distributor, or by writing directly to: 


Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P. O. Box 809066 

DALLAS, TEXAS 75380-9066 


We sincerely feel that you will discover the new 1987 /nterface Circuits Data Book to be a significant addition 
to your collection of technical literature. 
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Single-Slope and Dual-Slope A/D Converters 


CONVERSION 
RESOLUTION FUNCTION TYPE PACKAGE 
SPEED (ms) 
4 1/2 Bits Dual-Slope Analog TL500 r 
8-10 Bits Processors 
Digital Processors 
4 1/2 Digits with Seven-Segment 
Outputs 
: Digital Processors 
4 1/2 Digits a 
with BCD Outputs 


‘ 


General Information 


Dual-Slope Analog T 


7-Bits 
Converter 
Dual-Slope ADC 
4 1/2 Digits 34 ; TLC7135 
with BCD Output 
. Dual-Slope ADC 
3 1/2 Digits S30 > : TLEET26 
with LCD Drivers 
D/A Converters (5 to 15 Volts) 


RESOLUTION FUNCTION TYPE SETTLING TIME PACKAGE 
Single Multiplying DAC | TLC7524 


Pulse-Width 
Modulator for 
Single-Slope 


Dual Multiplying DAC TLC7528 
Single Multiplying DAC | TLC7533 
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SELECTION GUIDE 
DATA ACQUISITION CIRCUITS 


Successive-Approximation A/D Converters 


ADDRESS conVERSION pouer 
PU ANALOG | ANALOG] waxy TYPE 
FORMAT (ns) DEDICATED] DIGITAL? +LSB 
[0.5 | ADEOBOS 
ee 
— 
[1.25 [ apcoa0e_| 
TLO808 
Samia [1.0 __| Tu¢0820a | 
arg soe 
Cane eg 
eo pea vee 
[0 | 1c12084 | 
[0.5 | TuG12088 | 
[1.0] Tec1226A | 
p05 | TLC1225B | 
| 1.0 | ADCO831A, 
aire | 0.5 | ADC0831B° 
| == 1.0 ~——| ADC0832A| 
|} 0.5 | ADC0832B° 
} 1.0 | ADC0834A, 
ere | 0.8 | ADC0834B 
} 1.0 | ADC0838A, 
ee | | CS A C08388- 
|TLC540 
SERIAL ee |TLC541 
ae |TLC544 
|TLCS45 
|TLC548 
Pee | |TLC549 
Sa 
0 - PTEGRSAT 
pce eCaaodn’ 


Tincludes access time. 
+ Analog/digital inputs can be used either as digital logic inputs or inputs for analog 


POWER 
DISSIPATION 
(TYP) 


RESOLUTION 


BITS 


FN,N 
FK,JD 


2-21 
2-29 
2-21 
2-57 
2-57 


‘ 


2-113 


a 
c. 


2-139 


2 
2 


, 


N 
3 
w 
© 


Ww (oe) —_ 
oO om (o) 
3 3 3 
Pe, Be = 
n n 
2; =z 
Fa ee 
No} ht 
co} = 
oO 


2-181 
2-181 
2-181 
2-181 
2-37 
2-37 
2-37 
2-37 
2-45 


10 mW 


2-149 
2-149 
2-157 
2-157 
2-165 
6 mW 
2-173 
2-173 
2-197 
2-197 
2-271 


oma ba 9 | ald 
a a 2 < 
z z z= na 


mba be 
HLTA 
oy, ory; o 


to digital conversion. For example: The TLC532/3A 


can have 11 analog inputs, 5 analog inputs and 6 digital inputs, or any combination in between. 


8 Differential Input. 


{The TLC32040 has two differential inputs for the 14 bit A/D and a serial port input for the 14 bit D/A. 
#The A/D conversion accuracy for this device is measured in terms of signal-to-quantization distortion and also in LSB over certain converter 


ranges. Please refer to the data sheet. 
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SELECTION GUIDE 
DATA ACQUISITION CIRCUITS 
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Analog Switches and Multiplexers 


TYPICAL VOLTAGE POWER 
FUNCTION IMPEDANCE RANGE SUPPLIES 
(OHM) 


TWIN SPDT 


Pe Aiea BAG Kees 
DUAL SPST pees he 


TWIN DUAL SPST 150 


+15 
SPDT 
DUAL SPDT Be ge: 48 
SPST WITH ENABLE > . 
SPST WITH LOGIC INPUTS TL610 
QUAD BILATERAL TLC4016 
2 to 12 12 
ANALOG SWITCH 30 TLC4066 


Switched-Capacitor Filter ICs 


POWER 
FILTER 
FUNCTION SUPPLIES 
ORDER 


General Information 


DUAL FILTER, GENERAL PURPOSE 
LOW PASS, BUTTERWORTH 
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DISPLAY DRIVERS 
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@) Electroluminescent Display Drivers 
a | 
DRVRS INPUT pees 
@ DESCRIPT PRODUCT FEATURES TYPE 
Q) PER PKG | COMPATIBILITY pees 
a @ 225-V open-drain DMOS outputs | SN55551 | FD | 3-79 | 
a s { 
_ @ Serial-in, parallel-out architecture SN65551 FN.N | 3-87 
© @ 50-mA current sink output capability SN75551 
3 @ Extremely low steady state power 
4 consumption SN55552 FD 3-79 
roy @ Left side (SNXX551) and right side 
| (SNXX552) drivers enhance SN65552 ENN | 3-87 
Vec1 circuit layout SN75552 : 
logic Monolithic BIDFET integrated circuits 
DRIVER pant Vie V low steady-state aes ag ee ane 3-117 
= ery low -$ r - 
CMOS Sygters ig i SN75557 
to 15 V consumption 
@ 300-mA output capability SN65558 3-117 
re) -collector N-P-N outputs SN75558 EN 
® e BIDFET output structures 
@ 70-mA output capabilit Voge penne: 3-133 
- utpu ili - 
“s : SN75563 
@ Very low steady-state power consumption 
@ 3-State capabilities SN65564 3.133 
@ Selectable Open-Source or Open-Drain output| SN75564 
[snassss | FD 
@ 60-V totem-pole BIDFET output structures Bee | Bee 
@ Serial-in, parallel-out architect 3-101 
& ena ea so = a fe abilit ae i 
a paaeeane ety | SN55554 
FD 
drivers enhance circuit | t 
ivers enhance circuit layou SN75554 3-101 
90-V output voltag i bilit 
-mA output source and sink curren 
cct me eieehs SN75555 
(logic) capability 
= 10.8 V| @ High-speed serially-shifted data input 
to 15V |e ae ole outputs | 3 bisa 3-109 
fe) . u - 
% " SN75556 
@ Latches on all driver outputs 
COLUMN : ' 
DRIVERS 32 CMOS @ Energy recovery system compatible 
@ 80-V totem-pole BIDFET output structures SN65559 ENN 
® Serial-in, parallel-out architecture SN75559 ‘ 
@ 15-mA sink or source output capability 
@ Top (SNXX559) and bottom (SNXX560) SN65560 ENN | 3-126 
drivers enhance circuit layout SN75560 é 
E t tibl 
nergy recovery system oRenee ible SN65567 
4.5-V to 5.5-V Vcc operation at 5 MHz 3-141 
Vcc1 : : ; : ; SN75567 
(logic) Two Parallel high-speed 16-bit shift registers 
. ogic 
. af y 60-V totem-pole BIDFET output structures FN 
a ee - 15-mA sink or source output capability SN65568 eye 
o 5. : 
Top (SNXX567) and bottom (SNXX568) SN75568 
drivers enhance circuit layout 
Texas W 
1-10 
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SELECTION GUIDE 
DISPLAY DRIVERS 


LED Display Drivers 


DRVRS INPUT POWER 
ESCRIPT 
PER PKG | COMPATIBILITY SUPPLY iiiie Apinks Grieg Akos 1 cS 
SEGMENT SN75491 
4 @ 50-mA ink bilit - 
onvers | SN75491A 
SN75492 
@ 250-mA sink bilit 
picir SN75492A 
DRIVERS Variable from | @ 250-mA sink capability 
: : ri SN75494 
3.2 V to 8.8 V | @ Display blanking provisions 
Vacuum Fluorescent Display Drivers 


; DRVRS INPUT POWER 
PRODUCT FEAT 
— PER PKG | COMPATIBILITY SUPPLY seh ch pds bE ig 


Vcc (logic) Serial-in, parallel-out architecture 
=5Vto 15 V 60-V totem-pole outputs SN65512B 
Vcc2 (display) 25-mA current source output capability} SN75512B ‘ 
TTL = 0Vto 0 V On-board latches 
Vcc (logic) 
= § Vto 15 V, All features same as SN65512B except] SN65513B 
Vcc2, (display) Shift register reset replaces latches SN75513B 
= O0Vto 60 V 
Vec1 (logic) 
= 5Vto 15 V, 
All features same as SN65512B except 
CMOS Vec2, Vcec3, SN75514 | DW,.N 
; 125-V totem-pole output 
(display) = OV 


12 
to 60 V 
CMOS, TTL 
10 


ANODE, 
GRID 
DRIVERS 
SEGMENT 
OR DOT 
MATRIX 
FORMATS 


Vcc2, (display) 32 bits for large format displays SN75518 
= O0Vto 60 V 
Vec1 (logic) 
=5Vto 15V 
Vcc2 (display) 
= OVto 60 V 


Serial-in, parallel-out architecture 


60-V totem-pole outputs 


4S UCN4810A 
40-mA current source output capability 


Second source to Sprague UCN-4810A 
Serial-in, parallel-out architecture 
60-V totem-pole outputs 


Vec1 (logic) 
pe CMOS, TTL 


= 5Vto 15 V, All features same as SN65512B except] SN65518 


TL4810B 


40-mA current source output capabilit 
ee Coe) tA TORI 


Vcc (logic) 
=5Vto 15 V 
Vec2 (display) 
= OVto 60 V 


Improved direct replacement for 
UCN4810A and TL4810A 
70-V output voltage swing capability 


TL5812 
TL581 2) 


@ Drives up to 20 lines 


@ Direct replacement for Sprague 
UCN5812A 
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SELECTION GUIDE 
DISPLAY DRIVERS 


DC Plasma Display Drivers 


T ER 
DESCRIPT meee ad eed RODUCT FEATURES TYPE 
PER PKG | COMPATIBILITY SUPPLY 


DRIVERS 3-153 
CMOS 
COLUMN 3-161 
DRIVERS 
ANODE 
? 7 Ark SN75581 JN | 3-149 
DRIVERS 


AC Plasma Display Drivers 


DESCRIPT ig ‘sees fetes ee ODUCT FEATURES TYPE 
PER PKG | COMPATIBILITY SUPPLY 


Independent add f each gat 
pend ressing of each gate | suss4268 
SN55427B 


SN55500E | FD,JD| 3-17 


parallel output sink current 

ide (SN751506) and right side 
(SN751 
layout 


SN751506 
SN751516 


Vcc (logic) 
=4Vto6V 


16) drivers enhance circuit 


UOIJEWWOjJU] jes0Usy 


Vcc (logic) 
= 4.5 V to 
5.5 V 


SN751508 
SN751518 


@ Latches on all driver outputs 
@ Top (SN751508) and bottom 
(SN751£ 
layout 


18) drivers enhance circuit 


Vcec+ = 4.5V 
to 5.5 V 
Yor * 
-— 10.8 V to 
—13.2 V 


® Serial-in, parallel-out architecture 
100-V output capability 
@ Alternative driver for VF 


. for serial and parallel applications 
Vcc (logic) 


= 10 Vto 14 
Vcc2 (display) 
= 40Vto 90 V 


High input impedance 1 MQ typically 


30-mA integral clamp diodes on outputs 
70 V in 1.2 ps 
ND function (SN55426B) 


Switche 


32 (8-bits 
with 1 


High-speed serial-in, parallel-out 
architecture (MHz) 


Vec1 (logic) 


= 0 V to 100 


of 4 Berea @ Fast output transitions (< 150 ns) ENN 
selectors) ae Te @ 25-mA output current capability SN75500E ; 
AXIS Sale Veco (display | ° exis driver (SNXX500) ome 
DRIVERS e@ Y-axis driver (SNXX501) 
e 


Military temperature packages available} SN65501E ENN | 3-3 
(SN55500, SN75501E 
SN65508 
SN75508 


SN55501) 


Vcc (logic) 
= 7.65 V 
to 9.35 V 
Vcc2 (display) 
=Vcci to 90 
Vec1 (logic) 
=8Vto 11.4 V 
Vcc2 (display) 
=Vcc1 to 90 


32 x1 


High-speed serial-in, parallel-out 
@ X-axis driver (SNCC508) 
Y-axis driver (SNXX508) 


32 (8 bits 
plus 2 


SN65509 
SN75509 


select 
bits) 
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LINE DRIVERS AND RECEIVERS 


Line Drivers 


APPLICATION OUTPUT DRIVERS DEVICE PAGE 
PER PACKAGE TYPE NUMBER 


| sNss158_ |G 

4-261 
SN75158 D,JG,P 
SN75159 D,J,N 4-269 
uA9638 D,JG,P 4-535 
AM26LS31 D,FK,J,N 
MC3487 D,J,N 

DIFFERENTIAL 


EIA STANDARD RS-422-A 


< 
= 


SN75151 DW,J,N ee 
SN75153 : 
4 SN75172 4-319 


co 
= 


4-335 


SN55ALS192 J,FK 
4-481 


SN75ALS192 D,J,N 
SN75ALS194 D,J,N 4-501 


DJGP 
[—snssiso | _G.FK 
[—sn75160 | 0G 
[—sn75188 


= 
= 


SN75174 ~ JN 
SN75172 : 


SN75174 


EIA STANDARD RS-485 DIFFERENTIAL 


EIA STANDARD RS-423-A SINGLE-ENDED 
SN55188 


2 
2 
SINGLE-ENDED 3 
J,FK 4-391 
SN75188 D,J 


SN75123 D,J,N 4-153 
IBM 360/370 SINGLE-ENDED SN75ALS126 D,J,N 
SN75ALS130 DJN | 4419 | 


uA9636A D,JG,P 4-523 


EIA STANDARD RS-232-C 


[snssi21 | Fd 
GENERAL PURPOSE SINGLE-ENDED 2 4-143 
SN75121 D,J,N 


MC3453 D,J,N 4-43 
DIFFERENTIAL 


m 
oo 
© 


Fk 
DN 
DN 
Fk 
DN 
Fk 
DN 
Fk 


4-97 
4-89 


GENERAL PURPOSE 
4-101 


4-113 


4-385 
D,J,N 


(= 
r z 


1 


General Information 


TEXAS 4 1-13 


SN55109A FK,J 
SN75109A D,J,N 

INSTRUMENTS 
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SELECTION GUIDE 
LINE DRIVERS AND RECEIVERS 


Line Receivers 


APPLICATION OUTPUT RECEIVER DEVICE PAGE 
PER PACKA TYPE NUMBER 


SN75146 D,JG,P 4-199 
SN55157 JG 

SN75157 we 
uA9637A D,JG,P 4-529 
uA9639 4°539 


AM26LS32A 4-13 
MC3486 4-47 
SN75173 
SN75175 
SN75ALS193 4-489 
4-511 
4827 


EIA STANDARD RS-422-A 


DIFFERENTIAL 


Q) 
@ 
= 
@ 
= 
& 
> 
aay 
\°) 
= 
3 
pe) 
= 3 
O 
=) 


iH 
Ww 
No 
~N 


4 


SN75ALS195 
SN75173 D,J,N 4-327 
SN75175 4-343 
SN75146 4-199 
SN75187 
aAQ637A 
WA9639 
eee 
eer a Pls. 


EIA STANDARD RS-485 DIFFERENTIAL 


2 

2 
AM26LS32A D,FK,J,N| 4-13 
MC3486 4-47 
SN75173 D,J,N 4-327 
SN75175 4-343 
SN75ALS193 4-489 
SN75ALS195 4-511 

2 

3 

7 

2 


EIA STANDARD RS-423-A SINGLE-ENDED 


SN55184 Ha 
SN75184 
SN55189 
SN75189 D,J,N 

4-397 
SN5S189A 
SN75180A 


SN75124 D,J,N 4-157 


SN75125 
D,J,N 4-163 
SN75127 : 


SN75128 


EIA STANDARD RS-232-C 


4 
4 

SINGLE-ENDED 

4 


IBM 360/370 SINGLE-ENDED 


DW,J,N 4-169 


SN55152 
4-223 
SN75152 


SN75129 


SN55122 
4-147 
SN75122 
SINGLE-ENDED 
SN75140 D,JG,P 
4-191 
SN75141 D,JG.P 


GENERAL PURPOSE 
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Line Receivers (Continued) 


PER PACKAGE TYPE 
SN55107A 
SN75107A 
SN55107B 
SN75107B 
SN55108A 
SN75108A 
SN55108B 
SN75108B 
SN55115 
GENERAL PURPOSE SN75115 
SN55182 
SN75182 
SN75207 
SN75207B 
SN75208 
SN75208B 
AM26LS33A D,FK,J,N 
D,J,N 


General Information 


ce 
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LINE DRIVERS AND RECEIVERS 
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SELECTION GUIDE 


Line Transceivers | 


TRANSCEIVERS DEVICE PAGE 
APPLICATION BUS 1/0 
PER PACKAGE TYPE NUMBER 


4-245 


4-351 
EIA STANDARD RS-422-A 
AND DIFFERENTIAL 
| 4-361 
EIA STANDARD RS-485 
; SN75179B D,JG,P 4-371 


Pe Mogae Pdi Pe ag 
EIA STANDARD 488 GPIB SINGLE-ENDED 
SAW Oe is es 


UOIJBWIOJU] JesBUaH 


SN75ALS164 4-461 
SN75ALS165 DW,J,N 4-471 
IEEE 802.3 1BASE5 DIFFERENTIAL SN75061 DW,J,N 


; 
aeptae 
re ee 

| 


SN75163B DW,J,N 4-301 
SN75ALS163 DWJN | 4453 | 


Se a RG ee 
SN75116 
SN55117 FK,JG 
SN75117 D,JG,P 
dah RG Se GR a 


GENERAL PURPOSE 


[~snssti9_—-| Fk _| 
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PERIPHERAL DRIVERS/ACTUATORS 
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General Purpose Drivers and Actuators 


OFF- 
SWITCHING OUTPUT | DRIVERS | OUTPUT 

STATE INPUT 
VOLTAGE 

VOLTAGE CAPABILITY 
MAX (V) PACKAGE| DIODES 

MAX (V) 
20 |SN55450B 
18 |SN55451B 
25 |SN55452B 
18 |SN55453B 


26 |SN55454B 


General Information : 


NTN BO HM NY NM NY NY NY NH 


L 


MOS DRIVER 35 |SN75372 
Seo sl ie oo 
28 |SN55461 
38 |SN55462 
28 |SN55463 
35 |SN55464 
28 |SN75461 
38 |SN75462 
28 |SN75463 
TTL,CMOS INVERT W ENAB 
TTL,CMOS _ | INVERT W ENAB| 750 |SN75435 
CMOS,MOS,TTL | BUFFER W ENAB| 1450 |SN75440 
TTL,CMOS INVERT W ENAB} 1050 |SN75438 
Ta INVERT 500 |SN75064 
MOS INVERT 500 |SN75066 
TTL,5 V MOS INVERT 500 |SN75068 
TTL,5 V MOS INVERT 500 | UDN2841 
TTL,5 V MOS INVERT 500 | UDN2845 
pa a* INVERT 500 | ULN2064 
MOS INVERT 
TTL,CMOS INVERT 500 | ULN2068 
TTL,CMOS INVERT 500 | ULN2074 
TTL,CMOS AND 300 |SN75446 
TTL,CMOS NAND 300 |SN75447 
TTL,CMOS OR 300 |SN75448 
TTL,CMOS NOR 300 |SN75449 
TTL,CMOS NAND 500 |SN75407 
TTL,CMOS OR 500 |SN75408 
TTL,CMOS INVERT W ENAB| 1050 |SN75436 
TTL,CMOS,PMOS]| INVERT 250 | ULN2001A 
25 V PMOS INVERT 250 | ULN2002A 
TTL,CMOS INVERT 250 | ULN2003A 
15 V MOS INVERT 250 | ULN2004A 
Za INVERT 250 | ULN2005A 


2 
2 
2 
2 
2 
2 
= 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
4 
7 
7 
7 
7 
7 
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PERIPHERAL DRIVERS/ACTUATORS 
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General Purpose Drivers and Actuators (Continued) 


FF- 
switcuinc| 2 OUTPUT | DRIVERS | OUTPUT 
STATE INPUT 
VOLTAGE FUNCTION 
max (v) | VOLTAGE PACKAGE| piopes| CAPABILITY 
MAX (V) | 


Erk 

MOS 
TTL,5 V a 
TTL 


UOI}EULIOJU] JE1BUDE) 


TT15:¥V Mos 
TTL,5 V MOS 


TTL,CMOS 
TTL,CMOS 
TTL,CMOS © 
TTL,CMOS | 
TTL,CMOS,MOS | TELECOM RY DRV| 1000 |DS3680 
TTL INVERT SN75465 
TTL,CMOS,PMOS] INVERT SN75466 
25 V PMOS INVERT SN75467 


(8-5 | 

| 5-101 

/5-101 

/5-101 | 

TTL,CMOS INVERT SN75468 
5-101 | 

5-165) 


Seen een eee 


15 V MOS INVERT SN75469 


Motor Drivers and Power Actuators 


OFF- 
SWITCHING OUTPUT | DRIVERS | OUTPUT 
STATE INPUT 
VOLTAGE FUNCTION 
VOLTAGE CAPABILITY 
MAX (V) PACKAGE] DIODES 
MAX (V) 
TTL,MOS,CMOS| HALF-H DRIVER TL376C 
vane HALF-H DRIVER L293D 
TTL HALF-H DRIVER L293 
TTL,CMOS HALF-H DRIVER SN754410 
TTL,CMOS HALF-H DRIVER SN754411 
TTL,CMOS HALF-H DRIVER SN75603 
TTL,CMOS HALF-H DRIVER SN75604 
TTL,CMOS HALF-H DRIVER SN75605 
TTL STEPPER DRIVER PBL3717 
TTL FULL-H DRIVER L298 
TTL,CMOS ACTUATOR SN75608 


TTL,CMOS ACTUATOR SN75609 


3 
4 
4 
4 
4 
1 
1 
1 
1 
2 
2 
2 


saree TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ee os - atithiatines _ 


SELECTION GUIDE 
MEMORY INTERFACE CIRCUITS 


1 


Core-Memory Drivers 
MAX OUTPUT t DEVICE PAGE 
PD POWER SUPPLIES OUTPUTS _ 
CURRENT TYP TYPE NUMBER 
Vcc1 eto NT 
DUAL SOURCE, DUAL SINK SN55325 FK,J 
Veoc2 = 4.5Vto 24V 
600ma | 40ns | 


V =5V 
35 ns oor 
Vec2 = 4.5Vto 24 V 


tpp — Propagation Delay Time 


General Information 


Core-Memory Sense Amplifiers 


-_THRESHOLD tpp DEVICE PAGE 
PReseron SNR ee 
OPEN COLL OR RESISTOR | snss22__| J | 615 | 

arn Ee 


Soe ee [suss26 
RESISTOR SN55234 


| SN55236 | 6 

TOTEM POLE = : WC 
: SN75236 

tpp — Propagation Delay Time 


NOTE 1: For additional information, contact your nearest TI field sales office. 


MOS-Memory Sense Amplifiers 


T D DEVICE 
— ‘PD UNITS PER PACKAGE TYPE OF OUTPUT . 
SENSITIVITY TYP TYPE 


SN55107A 
TOTEM POLE 
SN75107A 


SN55108A | FK,J | 
OPEN COLLECTOR 

SN75108A 
TOTEM POLE SN75207 
OPEN COLLECTOR SN75208 


tpp — Propagation Delay Time 


i 
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SPEECH SYNTHESIS CIRCUITS 


T 


PROCESS DESCRIPTION PACKAGE | DEVICE TYPE | PAGE | 


LPC-10 VOICE SYNTHESIZER, 4-BIT CONTROL BUS TSP5110A 
PMOS LPC-10 VOICE SYNTHESIZER, 8-BIT CONTROL BUS 
CMOS 


TSP5220C 


128K-BIT ROM FOR TSP5110A AND TSP5220C 
MICROPROCESSOR, SYNTHESIZER, 64K-BIT ROM 
256K-BIT ROM FOR TSP50C4X, TSP50C50 FAMILIES 

LPC-12 HIGH-QUALITY VOICE SYNTHESIZER WITH 6-POLE 
LOW-PASS FILTER 


TSP50C40A 
TSP6OC20 


UOIPUWOJU] [21BUBS 
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Be 


Crdse-Rafersnce Guide 
Data Sheets 


Cross-Reference Guide 
Data Sheets 


2-1 


DATA ACQUISITION CIRCUITS 


CROSS-REFERENCE GUIDE 


CROSS-REFERENCE GUIDE 
(manufacturers arranged alphabetically) 


Replacements were based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained in this list. 


ANALOG 
DEVICES 


AD570JN 
AD7512DIJN 
AD7512DIJQ 
AD7512DIKN 
AD7512DIKQ 
AD7512DISD 
AD7512DITD 
AD7533 
AD7524JN 
AD7524AD 
AD7528LN 
AD7528CQ 
AD7820 


BURR-BROWN 
AD7533 
AD7820 


ADC82AG 
ADC82AM 


DATEL 


ADC-830C 
ADC-EK12DC 


ADC-EK12DR 


FUJITSU 


MB4053P 


Tl Ti 
DIRECT FUNCTIONAL 
REPLACEMENT REPLACEMENT 
ADCO803CN 
TL182CN 
TL182IN 
TL182CN 
TL182IN 
TL182MJ 
. TL182MJ 
TLC7533 
TLC7524CN 
TLC7524IN 
TLC7528CN 
TLC75281N 
TLCO820 
Tl TI 
DIRECT FUNCTIONAL 
REPLACEMENT REPLACEMENT 
TLC7533 
TLCO820 
TLCO820BIN 
TLCO820AIN 
Tl TI 
DIRECT FUNCTIONAL 
REPLACEMENT REPLACEMENT 
ADCO803CN 


TLC7135CN or 
TLC7136CN or 
TL500/1/3CN 
TLC7135CN or 
TLC7136CN or 
TL500/1/3CN 


TI 
FUNCTIONAL 
REPLACEMENT 
TL507IN 
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DATA ACQUISITION CIRCUITS | 
CROSS-REFERENCE GUIDE 


Ti Tl 


niche DIRECT FUNCTIONAL ot 
REPLACEMENT REPLACEMENT 
2 ADCO803LCD ADCO803 IN 2-9 
ADCO803LCN ADCO803CN | 2-9 
ADCO804LCD ADCO804IN 2-15 
wo) ADCO804LCN ADCO804CN 2-15 
Py) DGM182AK TL182MN TL604MP 2-97 
S DGM182BJ TL182CN/IN TL6O4CP/IP 2-97 
DGM185AK TL185MN TL604MP 2-97 
> DGM185BJ TL185CN/IN TL6O4CP/IP 2-97 
3 DGM188AK TL188MN TL610MP 2-97 
o DGM188BJ TL188CN/IN TL610CP/IP 2-97 
Hs DGM191AK TL191MN _ TL610MP 2-97 
=e DGM191BJ TL191CN/IN TL610CP/IP 2-97 
roy ICL7106CPL TLC7136CN 2-233 
- ICL7126CPL TLC7136CN 2-233 
5 ICL7135CPI TLC7135CN 2-221 
= ICL7136CPL TLC7136CN 2-233 
© 
i 
o Li PAGE 
HARRIS DIRECT nes 
REPLACEMENT 
HF10 TLC10 2-123 
LINEAR " PAGE 
TECHNOLOGY PECT NO. 
REPLACEMENT 
LTC1060ACN TLC10N 2-123 
LTC1060CN TLC20N _ 2-123 
TI 
MAXIM DIRECT Sa 
REPLACEMENT 
MF10BN TLC10N 2-123 
MF10CN TLC20N 2-123 
ICL7135 TLC7135 2-221 
MICRO a PAGE 
NETWORKS cud paghiobiocioes NO. 
REPLACEMENT 
TLCO820ACN 2-113 
i is deta TLCO820BCN 2-113 
MN5120/5130/5140 TLCO820ACN 2-113 
TLCO820BCN 2-113 
RECO omntiileek Enver 
POWER SYSTEMS Bs je hea acral NO. 
TLC7135CN 2-221 
MEZ LORAIN TL500/1/3CN 2-71 
MP7574AD/BD ADCOB8OSIN series 2-9 
ADCO804CN or 2-15 
sah ed sensu iad ADCO805CN series 2-9 
MP7581/JN/KN/ ADCO808N/ 2-21 
AD/BD ADC809N 2-21 
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—_— =~ 1 a 


TI 


a 


DATA ACQUISITION CIRCUITS 


Tl 


CROSS-REFERENCE GUIDE 


MOTOROLA DIRECT FUNCTIONAL ae 
REPLACEMENT REPLACEMENT : 
TLS00OCN 2-71 
MC1405L TL501CN 2-71 
TL505CN 2-85 
TLC7135CN or 2-221 
MCI S=OP TL500/1/3CN 2-71 
MC14442L TLC533AMJ TLC532AMJ 2-139 
MC14442P TLC533AIN TLC532AIN 2-139 
MC14443P TL507IN 2-91 
MC14444pP TLC546IN 2-165 
MC14447P TL507IP 2-91 
MC145040FN TLC541MEFN TLC540MEFN 2-149 
MC145040L TLC541MJ TLC540MJ 2-149 
MC145040P TLC541MN TLC540MN 2-149 
MC54HC4016J TLC4016MJ 2-205 
MC74HC4016J TLC4016IN 2-205 
MC74HC4016N TLC4016I1N 2-205 
MC54HC4066J TLC4066MJ 2-213 
MC74HC4066J TLC4066IN 2-213 
MC74HC4066N TLC4066IN 2-213 
Tl Tl 
NATIONAL DIRECT FUNCTIONAL Jeg 
REPLACEMENT REPLACEMENT F 
ADCO803LCD ADCO803IN 2-9 
ADCO803LCN ADCO803 IN 2-9 
ADCO804LCD ADCO804IN 2-15 
ADCO804LCN ADCO804CN 2-15 
ADCO805LCN ADCO8O5IN 2-9 
ADCO808N 2-21 
ADCO808CCJ TLO808N 9-57 
ADCO808N 2-21 
ADCO808CCN TLO808N 9-57 
ADCO809N 2-21 
ADCO809CCN TLO8O9N 9-57 
ADC0811BCJ TLC5411N TLC5401N 2-149 
ADCO0811BCN TLC5411N TLC540IN 2-149 
ADC0811BCV TLC5411FN TLC540IFN 2-149 
ADC0811BJ TLC541MJ TLC540MJ 2-149 
ADC0811CCJ TLC541I1N TLC5401N 2-149 
ADC0811CCN TLC5411N TLC5401N 2-149 
ADC0811CCV TLC541IFN TLC540IFN 2-149 
ADC0811CJ TLC541MJ TLC540MJ 2-149 
ADCO820BCD TLCO820BIN 2-113 
ADCO820BCN TLCO820BCN 2-113 
ADCO820BD TLCO820BMJ 2-113 
ADCO820CCD TLCO820AIN 2-113 
ADCO820CCN TLCO820ACN 2-113 
ADCO820CD TLCO820AMJ 2-113 
ADCO829BCN TLC533AIN TLC532AIN 2-139 
ADCO829CCN TLC533AIN TLC532AIN 2-139 
ADCO830BCN TLC546I1N 2-165 
ADCO830CCN TLC546I1N 2-165 
ADCO0831BCJ ADC0O831BiIP TLC5491N 2-173 
ADC0831BCN ADC0831BCP TLC549IN 2-173 
ADC0831CCJ ADC0831AIP TLC549IN 2-173 
ADC0831CCN ADC0831ACP TLC549IN 2-173 
ADCO0832BCJ ADCO832BIP TLC544IN 2-157 
ADCO832BCN ADCO832BCP TLC544IN 2-157 
- 
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CROSS-REFERENCE GUIDE | 


(continued) 
TI Tl 
y) NATIONAL DIRECT FUNCTIONAL se 
REPLACEMENT REPLACEMENT : 
ADCO832CCJ ADCO832AIP TLC544IN 2-157 
| ADC0832CCN ADCO832ACP TLC5441N 2-157 
9 ADCO834BCJ ADCO834BIN 2-45 
~~ ADCO834BCN ADCO834BCN 2-45 
2 ADCO834CCJ ADCO834AIN 2-45 
D> ADC0834CCN ADCO834ACN 2-45 
re) ADCO838BCJ ADCO838BIN 2-45 
2 ADCO838BCN ADCO838BCN 2-45 
— ADCO838CCI ADCO838AIN 2-45 
Q, ADCO838CCN ADCO838ACN | 2-45 
&. ADC1001CCJ TLC15411N 2-197 
= ADC1005BCJ TLC15411N 2-197 
ADC1005CCJ TLC15411N 2-197 
© ADC1205 TLC1205 2-181 
a ADC1225 TLC1225 2-181 
TLC7135CN or 2-221 
= eee een TL500/1/3CN 2-71 
7) TLC7135CN or 2-221 
Peat ATEN TL500/1/3CN 2-71 
TLC7136CN or 2-233 
RODSECTCCN TL500/1/2CN 2-71 
TLC7136CN or 2-233 
siapiggisie hoy TL500/1/2CN 2-71 
MF10BN TLC10CN 2-123 
MF10CN TLC20CN 2-123 
MM54HC4016J TLC4016MJ 2-205 
MM54HC4066J TLC4066MJ 2-213 
MM74HC4016N/J TLC4016IN 2-205 
MM74HC4066N/J TLC4066IN 2-213 
MF4-50 TLCO4 2-103 
MF4-100 TLC14 2-103 
PRECISION id. PAGE 
MONOLITHICS FUNCTIONAL NO. 
| REPLACEMENT 
PM7524HP TLC7524CN 2-243 
PM7524FQ TLC7524IN 2-243 
PM7528 TLC7528 2-251 
PM7533 TLC7533 2-263 
Tl Tl 
RCA DIRECT FUNCTIONAL pg 
REPLACEMENT REPLACEMENT 
CD4016AD TLC4016MJ 2-205 
CD4016AE TLC4016IN 2-205 
CD4066AD TLC4066MJ 2-213 
CD4066AE TLC4066IN 2-213 
CA3162E - TL501CN/TL503CN 2-71 
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CROSS-REFERENCE GUIDE 


Ti 
SIGNETICS DIRECT 
REPLACEMENT 
ADC0803/4/5-1LCN ADC0803/4/5iN 
ADC0804-1CN ADCO804CN 
NE5034F 
NE5036FE/N/D 
NE5037F/N/D 
Ti 
SILICONIX DIRECT 
REPLACEMENT 
DG182AP TL182MN 
DG182BP TL182CN/IN 
DG185AP TL185MN 
DG185BP TL185CN/IN 
DG188AP TL188MN 
DG188BP TL188CN/IN 
DG191AP TL191MN 
DG191BP TL191CN/IN 
LD110CJ 
LLD111ACJ 
LD120CJ 
LD121ACJ 
Si520DJ 
Si7135CJ TLC7135CN 
Ti 
TELEDYNE DIRECT 
REPLACEMENT 
TSC7106CPL 
TSC7126 TLC7136CN 
TSC7126ACPL TLC7136CN 
TSC7135CPI TLC7135CN 
TSC8700 
TSC8701 
TSC8703 
TSC8704 
TSC14433CN 


Tl 
FUNCTIONAL 
REPLACEMENT 


TLC532AIN 
TLC549CN/CD 
TLC549CN/CD 


Tl 
FUNCTIONAL 
REPLACEMENT 
TL610MP 
TL610CP/IP 
TL604MP 
TL604CP/IP 
TL604MP 
TL604CP/IP 
TL604MP 
TL604CP/IP 
TLS5O3CN or 
TLC7135CN 
TL501CN or 
TLC7135CN 
TLSOOCN or 
TLC7135CN 
TL503CN or 
TLC7135CN 
ADCO808N 
ADCO809N 


Ti 
FUNCTIONAL 
REPLACEMENT 
TLC7136CN 


ADCO808N 
TLC15411N 
ADCO808N 
TLC15411N 
TLC7135CN 
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ADC0803, ADCO805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


D2754, NOVEMBER 1983—REVISED SEPTEMBER 1986 


® 8-Bit Resolution N DUAL-IN-LINE PACKAGE 
(TOP VIEW 
@ Ratiometric Conversion = . 
; ; cS 20] } Vcc (OR REF) 
@ 100 us Conversion Time RD 191] CLK OUT 2 
@ 135 ns Access Time WR 18] | DBO (LSB) iss 
eG M ao CLK IN 171 | DB1 ~ 
uaranteed Monotonicity INTR 16] ] DB2 = 
@ High Reference Ladder Impedance IN + 15] ] DB3 DATA A 
8 kQ Typical IN - 14{ ] DB4 ouTPpuTS ©O 
ANLG GND 13[] DBS = 
®@ No Zero Adjust Requirement REF/2[]9  ~=—+121) DB6 2 
@ On-Chip Clock Generator DGTL GND [}10 _11| | DB7 (MSB) "a 
@ Single 5-Volt Power Supply > 
@ Operates with Microprocessor or as g 
Stand-Alone © 
rer) 
@ Designed to be Interchangeable with © 
National Semiconductor and Signetics i 
ADC0803 and ADCO805 
description 
The ADCO803 and ADCO805 are CMOS 8-bit successive-approximation analog-to-digital converters that 
use a modified potentiometric (256R) ladder. These devices are designed to operate from common 
microprocessor control buses, with the three-state output latches driving the data bus. The devices can 
be made to appear to the microprocessor as a memory location or an I/O port. Detailed information on 
interfacing to most popular microprocessors is readily available from the factory. 
A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from VCc¢ to 
analog ground (ANLG GND). The devices can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 
The ADCO803! and ADCO805i are characterized for operation from —40°C to 85°C. The ADCO803C 
and ADCO805C are characterized from O°C to 70°C. 
PRODUCTION DATA documents contain information j Copyright © 1983, Texas Instruments Incorporated 
f publication date. cts t 
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ADC0803, ADCO805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


functional block diagram (positive logic) 


gage @ 
“START” 


FLIP-FLOP 


2 


CLK (19) 
OUT 


CLK IN 


DGTL (10) 


SINDID uoisinboy ejeg 


GND 
(20) 
Vec 
He LADDER 8-BIT 
REF/2 AND SHIFT 
“INTERRUPT” 
DECODER satan bb FLIP-FLOP 


ANLG (8) pao 


GND 


(18) WB0 (LSB) 


DB1 


(16) DB2 


(15) DB3 
OUTPUT [(44) 
LATCH DB4 


(13) DBS 
(12) DB6 


(11) 


3-STATE 


DB7 (MSB) 
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| ADC0803, ADCO805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


OSES MRS PT ada gam 07 Fes SS Fa a ae ce pe aU Ree ease Oy OPEN are AS SS As roby 6.5 V 
Mibutwveltege range CsA, Wino nf oe ee ck ee ce ee -~0.3 Vto 18 V 4 
Career Wipiite «teh eens ork Sab abe cen: ee oe -0:3 V to Vcc +0.3 ¥ 
ATU VOUNGOG TABOO 5 055s Ss eae ne nee pat ae eee a ee -0.3 V to Vcc +0.3 V o 
Operating free-air temperature range: ADCO8O_I|....................000084 -40°C to 85°C = 
BOCORN HG. An 4s is tae oer aS o°cto70°C «8 
Ristene-LeMperature ANOS. 62a 325g as as GS LD Po a wd oe ee Oe —-65°C to 150°C: 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................208- 260°C O 
NOTE 1: All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together unless 6 
otherwise noted. ~ 
2 
recommended operating conditions = 
Oo 
= § 
g 
© 
Q 


: 7 ADCO80_ —40 85 
Operating free-air temperature, Ta ADCO80_C 


NOTES: 2. When the differential input voltage (Vj; — Vj ~—) is less than or equal to O V, the output code is 0000 OOOO. 
3. The internal reference voltage is equal to the voltage applied to REF/2 or approximately equal to one-half of the Vcc when 

REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage range when REF/2 is open and Vcc = 5 Vis O V to 5 V. VreF/2 for an input voltage 
range from 0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

. These values are with respect to DGTL GND. 

. Total unadjusted error is guaranteed only at an fojgock of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns 
to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should 


be observed for an fciock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLk) 
remains within limits. 


a - 
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ADC0803, ADCO805 | 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 5 V, 
fclock = 640 kHz, VREF/2 = 2.5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TyPT UNIT 
High-level All outputs Vcc = 4.75 V, loH = —360 pA 
Bb 
ph 
BL 
m 
m 
m 
k 


2 


VOH 
output voltage | DB and INTR Vee <4:76V) lon = =1G ak} eo? heath 
ec = ANNA GSTgL = Aims 


Low-level 


VoL output 


INTR output Vec = 4.75 V, lol = 1mA 
CLK OUT Vec = 4.75 V, lIoL = 360 pA 


voltage 


Clock positive-going 
threshold voltage 


Clock negative-goin 
VT_ i Aidan 1.5 1.8 1 
threshold voltage 

Vix Vi — Clock input hysteresis ep ee eee 

i High-level input current pes fe ae ee 


Ne Low-level input current 


loz Off-state output current 


S}INDID uolsinboy e1eq 


Short-current 

| Output high Vix-= 0, TA = 20-G 

be output current e i ee 
Short-circuit 

| Output low Ve &-¥. Te: = 2576 

Supply current plus VREF/2 = Open, Ta = 25°C, 1 

cc reference current CS =5V ; , 
Input resistance to 

R See Note 6 

Co 


V 
V 
V 
Vi 
A 
A 
A 
A 
A 
A 
Q 
pF 
pF 


Output capacitance (DB) 


NOTE 6: Resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9. 


‘operating characteristics over recommended operating free-air temperature, VCC = 5 V, 
VREF/2 = 2.5 V. felock = 640 kHz (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 
Supply-voltage-variation error Vcc = 4.5 V to 5.5 V, See Note 7 +1/16 +1/8 


Total adjusted error ADCO803 | With full-scale adjust, See Notes 7 and 8 LSB 
SB 


VREF/2 Open, See Notes 7 and 8 
BC corOn TOUS ore 
[gig Output disable time @ 25°C, [Ta = 25°C, CL = 1OpF RL = 10K) [128 200] ns 
450| ns _| 
7 


td(INTR) Delay time to reset INTR @ 25°C 1k = 29°C 300 0) 


f = 100 kHz to 1.46 MHz, clock 
tconv Conversion cycle time @ 25°C oe 25°C Sie Note 3 66 3 


CR Free-running conversion rate INTR connected to WR, CS atO V 8770 


TAIl typical values are at Ta = 25°C. 
NOTES: 7. These parameters are guaranteed over the recommended analog input voltage range. 
8. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
9. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock 
periods before conversion starts. After conversion is completed, part of another clock period is required before a high-to-low 
transition of INTR completes the cycle. 
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ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


PARAMETER MEASUREMENT INFORMATION 


l¢————-8 cLock PERIODS (min) ———————__ >| 
| 


| 

_— | 

RD 
| 50% 50% 
| | 


| 
| ta(INTR)—}¢—> 
| | 


Ss 6-8 #2 8.86 8 A ee ee a a ten a 
| 
| 
INTR 50% | 50% 
| | 
ten—>| }e—- —>| etuis 
| 
90% 
DATA ; 
OUTPUTS 
10% 


READ OPERATION TIMING DIAGRAM 


WR 50% 50% 
| | 
ta(INTR)-+¢->4 l 
| 


1TO8 64% 
}¢— —>—__- ae 
CLOCK PERIODS CLOCK PERIODS 
lt R— 
I 
| 


CR | | | 
INTR 50% | 50% 
_¢_——________—_——— tcony-—___________» 


WRITE OPERATION TIMING DIAGRAM 
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ADC0803, ADCO805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


2 
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PRINCIPLES OF OPERATION 


The ADCO803 and ADCO805 each contain a circuit equivalent to a 256-resistor network. Analog switches 
are sequenced by successive-approximation logic to match an analog differential input voltage 
(Vin+ — Vin—) to a corresponding tap on the 256R network. The most significant bit (MSB) is tested 
first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is 
transferred to an output latch and the interrupt (INTR) output goes low. The device can be operated in 
a free-running mode by connecting the INTR output to the write (WR) input and holding the conversion 
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required 
during the power-up cycle. Taking CS low anytime after that will interrupt a conversion in process. 


When the WR input goes low, the internal successive approximation register (SAR) and eight bit shift register 
are reset. As long as both CS and WR remain low, the analog-to-digital converter will remain in a reset 
state. One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 


When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 


When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 


When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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ADC08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


D2755, OCTOBER 1983—REVISED SEPTEMBER 1986 


@ 8-Bit Resolution N DUAL-IN-LINE PACKAGE 
TOP VIEW 
@ Ratiometric Conversion ; 
@ 100 us Conversion Time cs Uy" 201] Vcc (OR REF) 2 
RD L}2 19] |} CLK OUT 

@ 135 ns Access Time WR []3 181 ] DBO (LSB) Ht 
@ No Zero Adjust Requirement CLK IN Sy '7)J 0B1 con 
INTR L]5 = 16] DB2 = 
@ On-Chip Clock Generator IN+ [16 151 | DB3 DATA ~ 
@ Single 5-Volt Power Supply : IN~ Lj? by DB4 OUTPUTS oO 
ANLG GND {]8 131} DB5 e 
@ Operates with Microprocessor or as REF/2 []9 121 ] DB6 oO 
Stand-Alone DGTL GND []10_—_—_11[.] DB7 (MSB) = 
@ Designed to be Interchangeable with 5 
‘ - : ; oC 
National Semiconductor and Signetics Oo 
ADC0804 r= § 
$ 
description J 
a) 


The ADC0804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified 
potentiometric (256R) ladder. The ADCO804 is designed to operate from common microprocessor control 
buses, with the three-state output latches driving the data bus. The ADCO804 can be made to appear 
to the microprocessor as a memory location or an I/O port. Detailed information on interfacing to most 
popular microprocessors is readily available from the factory. 


A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from Vcc to 
analog ground (ANLG GND). The ADCO804 can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 


The ADCO804I1 is characterized for operation from — 40°C to 85°C. The ADCO804C is characterized for 
operation from O°C to 70°C. 


PRODUCTION DATA documents contain information 


. Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to v] 
a per - — of Texas hap beng TEXAS 2-15 
standard warranty. Production processing does n ” 
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ADCO804I, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


functional block diagram (positive logic) 


CLK OUT 


ts (1) 


eis 


WR (3) 


(19) 


CLK IN 


DGTL (10) 
GND 


Wie (20) 

(9) LADDER Fy ate 8-BIT 
arti DECODER ++ LATCH = REGISTER 
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ADCO08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


ely Voice, Cr” (GEBANOLE Thin! te nae DUR Hs dhe ee a a a ee ee 6.5 V 
inrateavoltage wats. Gs, MD. WN itoea) teeth vss cee ap divi 2s dee ee —0.3 V to 18 V 2 
UOT IMEI, 5 sa) oS oh hs de dB eo oe ee ce am —0,3.V to Vec + 0.308 
EU VOUMDO TONG. 2 4s Ge. cate ao RE ae Pewee FCA Ee Areas ae nae -0.3 V to Vcc+ 0.3 ¥ 
Operating free-air temperature range: ADCO804l................. i sy SD — 40°C to 85°C g 
PRA Oe hci Cats ae a os Bato. eae a O°Cto 70°C § 
Stoceoe temperature Tange 66h alse a ee Se eeatia soe ne hae Ow Soe ee ee -~65°C to 150"C o 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...............00000 es 260°C rs) 
NOTE 1: All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together (unless 5 
otherwise noted). —_ 
O 
recommended operating conditions 2 
| MIN NOM MAX | U be 
GAS Ee RF < 
Bi 
CRBS See Ls 
a) 


45 F 
25 2.5 
2 
0.05 Vec +0.05 
100.640 1460 
40 
275. 781 
3 7 ADCOSO4I 
Operating free-air temperature, Ta ADCO804C 


NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vcc when 
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage when REF/2 is open and Vcc = 5 V is O to 5 V. VREF/2 for an input voltage range from 
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

. These values are with respect to DGTL GND. 

. When the differential input voltage (Vijjj + — Vin —) is less than or equal to O V, the output code is 0000 0000. 

. Total unadjusted error is guaranteed only at an fojgck of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns 
to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should 
be observed for an fcjock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLk) 
remains within limits. 
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ADC0804i, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 5 V, 
fclock = 640 kHz, REF/2 = 2.5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 
Airoutputs [Voc = 478 V, lon = ~360 «A 
VOH High-level output voltage hci CC OH - 
DB and INTR | Vcc = 4.75 V, IoH = -—10 pA 


VOL 


Clock positive-going 
VT + 
threshold voltage 


VTr= 


VtT+-—-VtT-— Clock input hysteresis 

liH High-level input current 

lie Low-level input current 
Z - 


| PORE! Vo = 0 
state Output Curren 
: Vo SV 


lIOHS Short-circuit output current Output high Vo = 0, Ta = 25°C -—4.5 =6§ 


lots 


REF/2 open, CS at 5 V, 
lcc Supply current plus reference current 1.9 2.5 
Ta = 25°C 


RREF/2 Input resistance to reference ladder 1 33 
Cj Input capacitance (control) See Sas 5 7.5 
Oo . 


Cc Output capacitance (DB) 5 


Data outputs 
INTR output 
CLK OUT 


Low-level output voltage Vec = 4.75 V, lot = 1mA 


Vcc = 4.75 V, lot = 360 pA 


Clock negative-going = a e 
threshold voltage . . ‘ 


Short-circuit output current Vo = 5V, Ta = 25°C 


NOTE 6: The resistance is calculated from the current drawn from a 5-V supply applied to pins 8 and 9. 


operating characteristics over recommended operating free-air temperature, Vcc = 5 V, 
VREF/2 = 2.5 V, felock = 640 kHz (unless otherwise noted) 


S ly-voltage-variation error 
errs Vec = 4.5 V to 5.5 V 41/16 +1/8 
(See Notes 2 and 7) 
Total unadjusted error 
V =2.5V 1 
DC common-mode error £4116 £48 
(See Note 8) 


ten 
tdis 
td(INTR) 


clock 
tconv Conversion cycle time (See Note 9) felock = 100 kHz to 1.46 MHz 65% 72% 
INTR connected to WR, 
CR Free-running conversion rate 8827 | conv/s 
CS atO V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


+ 

Output enable time Ci = 100 pF 135 200 

Output disable time Ci = 10 pf, Ri = 10 kQ fees Sa SOE ce RI 

Delay tine to reaet TR fe ee 
:) 


Boe 
Ls Oe 
= a 


Conversion time fo ar al ae ey, De ee 


T All typical values are at Ta = 25°C. 
NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vcc when 
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REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage when REF/2 is open and Vcc = 5 Vis Oto 5 V. Vref/2 for an input voltage range from 
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 


. These parameters are guaranteed over the recommended analog input voltage range. 
. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock 


periods before conversion starts. After conversion is completed, part of another clock period is required before a high-to-low 
transition of INTR completes the cycle. 
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ADC08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


timing diagrams 
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ADC08041, ADCO804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


PRINCIPLES OF OPERATION 


The ADCO804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced 
by successive approximation logic to match an analog differential input voltage (Vin+ — Vjin—) to a 
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight 
comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is transferred to an 
output latch and the interrupt (INTR) output goes low. The device can be operated in a free-running mode 
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a 
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up 
cycle. Taking CS low anytime after that will interrupt a conversion in process. 


When the WR input goes low, the ADCO804 successive approximation register (SAR) and eight-bit shift 
register are reset. As long as both CS and WR remain low, the ADC0804 will remain in a reset state. One 
to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 


When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 


When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 


When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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ADC0808, ADCO809 


CMOS ANALOG-TO-DIGITAL CONVERTERS 


WITH 8-CHANNEL MULTIPLEXERS 


D2642, JUNE 1981—REVISED FEBRUARY 1986 


@ Total Unadjusted Error... +0.75 LSB Max N 
for ADCO808 and +1.25 LSB Max for DUAL-IN-LINE PACKAGE 
ADCO0809 (TOP VIEW) 
@ Resolution of 8 Bits \ 2 
INPUTS 
@ 100 us Conversion Time INPUTS ” 
hed 
@ Ratiometric Conversion V pooness ‘'S 
© 
@ Guaranteed Monotonicity START LI6 fo 
221] ALE © 
® No Missing Codes 21{ ] 2-1 (MSB) ec 
20r}2.~ 
@ Easy Interface with Microprocessors Bees 2 
2-4 ‘Oo 
® og 181 | om 
Latched 3-State Outputs REF+ C2 17F] 2-8 isp) Ss 
@ Latched Address Inputs 161 pony . 
15[]2- 
@ Single 5-Volt Supply < 
© 
@ Low Power Consumption FN PACKAGE tt 
2 : (TOP VIEW) Q 
@ Designed to be Interchangeable with pa aes Cea 
National Semiconductor ADCO808, REFEREE EEE 
ADC0809 eaacaaca 
2222222 
eee INPUT 7{j 5 A 
description START] 6 24[, ep ADDRESS 
The ADCO808 and ADCO809 are monolithic EOC U7 23UC 
CMOS devices with an 8-channel multiplexer, an 2-16 22U a 
8-bit analog-to-digital (A/D) converter, and ssid be 212~ ' (MSB) 
, ; : CLK 1) 10 2092-2 
microprocessor-compatible control logic. The ea es isffo-3 
8-channel multiplexer can be controlled by a ee 13 14 15 718 
microprocessor through a 3-bit address decoder = = 
with address load to select any one of eight hee A ree; 
single-ended analog switches connected directly eS ee Oo 
i © 
to the comparator. The 8-bit A/D converter uses 
the successive-approximation conversion es 
technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, 
and a successive-approximation register (SAR). Detailed information on interfacing to most popular 
microprocessors is readily available from the factory. 
The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, 
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR 
and latched inputs to the multiplexer address decoder. The single 5-volt supply and low power requirements 
make the ADCO808 and ADCO809 especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 
The ADCO808 and ADCO809 are characterized for operation from —40°C to 85°C. 
PRODUCTION DATA documents contain information ‘ Copyright © 1983, Texas Instruments Incorporated 
oe . of ae date. Hoge — Ti ¥i 
$s ications per the terms of lexas instrumen 
srendard seach . Production processing does not EXAS 2-21 
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ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


functional block diagram (positive logic) 
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ADCO808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


operating sequence 
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ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) .......... es Sere ee et 8 ae Neer os are ee 6.5 V 

2 eee VON Cre Fenities (Crrtet Or INTIER oo) sco vig e ody oe ca ike Sees ee ee —0.3 to 15-V 
re pee Eo 1 ae Sea) a Coan a Si Se ES —-0.3 Vito Vec + 0.3:¥ 

Operating free-air tenminerature Tange. ee a ee ee en oe one wees oie ae eens —40°C to 85°C 

OE ETS i) OS ete 2 ae ag Pen a ee IF =685°C. 10 150° 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................205- 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 
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Operating free-air temperature, Ta 


NOTE 2: Care must be taken that this rating is observed even during power-up. 
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ADC0808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


electrical characteristics over recommended operating free-air temperature range, VCC = 4.75 V to 
5.25 V (unless otherwise noted) 


total device 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


2 


2 
5 
io = 12 mA ae ae 2 

ys 
Pi Control input current at maximum input voltage] viz isV SS] STC CT A | OO 
I,___ Low-level control input current i a ers 
3 
Ci_____Input capacitance, control inputs a RE 
[Eo Output capacitance, data outputs S| ~—Ta=28eCCdTSCSC~C“‘OOSCSS TOF] OG 

Resistance from pin 12 to pin 16 Powe ee 

s 

analog multiplexer Oo 


PARAMETER TEST CONDITIONS MIN TYP’ MAX | UNIT 


felock = 640 KH2 


lon Channel on-state current (see Note 3) 


loff Channel off-state current 


TTypical values are at Vcc = 5 V and Ta = 25°C. 
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 
frequency. 
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ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


operating characteristics, TA = 25°C, Vcc = VREF+ = 5 V, VREF- = OV, feclock = 640 kHz 
(unless otherwise noted) 


ADCO0808 ADCO0809 
PARAMETER TEST CONDITIONS ; UNIT 
MIN TYPt MAX | MIN TYP MAX 
kK Supply voltage Vcc = Vret+ = 4.75 V to 5.25 V, +0.05 +£0.05 %/V 
SVS sensitivity Ta = —40°C to 85°C, See Note 4 ae 
Linearity error $0.25 £05 LSB 
(see Note 5) as ap 


Zero error (see Note 6) LSB 
SPERMS. STE £0.25 205 

otal unadjuste 

Ta = —40°C to 85°C LsB 

error (See Note 7) 
Ses eee eerie si Ss Kee SS 

ten Output enable time CL = 50 pF, RL = 10 kQ 80 250 80 250 | ns | 

tais Output disable time CL = 10 pF, RL = 10 kQ 105 250 106° 260 | ne+| 
tcony _Conversion time 90100116 [ 90 100 116 


Delay time, 
6) 14.5 1) 14.5 us 


Tt Typical values for all except supply voltage sensitivity are at Vcc = 5 V, and all are at Ta = 25°C. 
NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 
varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
5. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 

. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 

. Refer to the operating sequence diagram. 

. For clock frequencies other than 640 kHz, tg(—EQC) maximum is 8 clock periods plus 2 us. 


2 


td(EOC) end of conversion See Notes 8 and 9 


output 
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ADCO0808, ADCO809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


PRINCIPLES OF OPERATION 


The ADCO808 and ADCO809 each consists of an analog signal multiplexer, an 8-bit successive- 
approximation converter, and related control and output circuitry. 


2 


multiplexer in 
The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. = 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch o 

is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge ro) 

of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new c 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion ro) 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End- = 
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 2 

up to assure start up. es 

oO 

converter { 
The CMOS threshold detector in the successive-approximation conversion system determines each bit & 

by examining the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the Q 


conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 


In the next phase of the conversion process, all ST and SC switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one- 
half the Vcc voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit- 
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 


With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 


Sc 


THRESHOLD 
DETECTOR 


TO 
OUTPUT 


64 32 16 4 2 1 
LATCHES 
NODE 128 REF+ #REF+ F+ #REF+ #REF+ REF+ 
a, Be Bt sat a es, — oak eo 
A Lh 


FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


D2642, NOVEMBER 1986 


NO 


ts 


Data Acquisition C 


® Total Unadjusted Error... +0.75 LSB Max JD 
DUAL-IN-LINE PACKAGE 
@® Resolution of 8 Bits (TOP VIEW) 
@ 100 us Conversion Time 
@ Ratiometric Conversion oe 
INPUTS 
@ Guaranteed Monotonicity 7 , 
@ No Missing Codes ADDRESS 
; : START LJ6 ( 
@ Easy Interface with Microprocessors 221] ALE 
® Latched 3-State Outputs 21{ ] 2-1 (MSB) 
20[] 2-2 
@ Latched Address Inputs 19 ] 2-3 
@ Single 5-Volt Supply 18[] 2—4 
REF+[]12 17[] 278 (LSB) 
@ Low Power Consumption 16] ] REF — 
@ Designed to be Interchangeable with 15] ] 2-8 
National Semiconductor ADCO808CJ 
FK PACKAGE 
description sa al 
oT SP Oo OS = © 

The ADCO808M is a monolithic CMOS device eae be 

with an 8-channel multiplexer, an 8-bit analog- Gooaaacaa 

to-digital (A/D) converter, and microprocessor- =  Jwo=-=_|<= == --— 

compatible control logic. The 8-channel 

multiplexer can be controlled by a micro- INPUT 7{) 5 A 

processor through a 3-bit address decoder with START [J 6 241B ADDRESS 

address load to select any one of eight single- EOC{)7 23Uc 

ended analog switches connected directly to the 2-58 22[] ALE 

comparator. The 8-bit A/D converter uses the OE{) 9 21(]2-1 (MSB) 

successive-approximation conversion technique CLK [J 10 20f}2-2 

featuring a high-impedance threshold detector, Vec p11 1992-3 

a switched capacitor array, a sample-and-hold, 7 

and a successive-approximation register (SAR). << 

Detailed information on interfacing to most eee aa ae 

: - 2 - Coes ol Gian 

popular microprocessors is readily available from oc x 

the factory. | 
N 

The comparison and converting methods used 

eliminate the possibility of missing codes, 

nonmonotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs 

from the SAR and latched inputs to the multiplexer address decoder. The single 5-volt supply and low 

power requirements make the ADCO808M especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 

The ADCO808M is characterized for operation over the full military temperature range of —55°C to 125°C. 
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated 
Spectionieca spect oriey of Torus lentropoets Ti 4 

citic 
ceandard ental . Production processing does not EXAS 2-29 
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ADCO0808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


functional block diagram (positive logic) 
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= ANALOG ouTPuT |} (8) 5-5 DIGITAL 

anacoc J 3/44 mutti- LATCHES | (18) 5-4 OUTPUTS 
© INPUTS } (2)| PLEXER (19) 5-3 
S : (20) 
2 (3) 2-2 
* "AND aio 
a 5 (4) (7) END OF 

(5) CONVERSION (EOC) 
7 


= AND 
CONTROL 
CLOCK (0) 
START CONVERSION (START) “he 


OUTPUT ENABLE (OE) 2 


(25) 

ADDRESS A 7a 

ADDRESS B ADDRESS 

ADDRESS C S DECODER 
ADDRESS LOAD 


ENABLE (ALE) 


MULTIPLEXER FUNCTION TABLE 


INPUTS 
ADDRESS ADDRESS 
| cB A | STROBE 


SELECTED 
ANALOG 
CHANNEL 


Se, Fr ade ere ee ake eee 
~- OO nr amr a anew oammna Onl 


Se iisrickeie as ouee ie Ube 
Te A lt Cobar ate. oh 


= high level, L = low level 
= low-to-high transition 
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ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


operating sequence 


CLOCK 


START 
CONVERSION 


ADDRESS LOAD 
ENABLE 


ADDRESS 


ANALOG INPUT 


MULTIPLEX OUTPUT 
(INTERNAL) 


END OF 
CONVERSION 


OUTPUT 
ENABLE 


LATCH OUTPUTS 


ee = 
Jes Ee ee 


50% 50% 


lL» ——et— tw/(S) 
' 
50%F | k 50% 
ee 
| 1 tw(ALC) 
l-—*+ ADDRESS STABLE 
50% | 50% | 
| 
taht | 


X | | ANALOG VALUE X 


eS ete Ps INPUT STABLE —————————+} 


| P 
= ANALOG VALUE x 
l 


| 
>-—td(EOC) —>} | 
p-—_—_———_—_——— teonv —___________—_———_I 
50% 50% 
Fe ' { 

Sc 38 ten =| |= tdis 

90% 90% 

HI-Z STATE 10% 10% 
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ADC0808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


eee WIC ASDC De 6 ean a St nc'da gs GER eed oa c .4) gg eed EA oe ee Seal ee ee 6.5 V 

2 pt Vornaoe Tange. COMirouinmuite: oo. c 550. Su. Sa es Sea OT wie ee, ee eee -—0.3 to 15 V 
CCMA SUE oh oe os oso cna, Cas beet oo pepe -0.3 V to Vcc + 0.3 V 

Operating free-air temperature range ........ ER eae wen fe on tue Bees Saar ae =a °C tocl2o 7G 

BOTS. LOlarntCe TP aNOG rss. we so ao ae + Reade Soe ee es EO —65°C to 150°C 

Caco temperature ror ou seconds; PK. package ot os a es ee ae Poe ee we 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JD package ........... 2002C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


Supply voltage, Vcc ees 
Positive reference voltage, Vref + (see Note 2) Veco... Veo+0.1 Reta 
Negative reference voltage, Vret — Po ee ibaa 


| MIN NOM MAX | UNIT | 
GE TSR ek OS 


Pate a ee 
ree 
au ie eS 


SHINDID UOlLISINnbOY eJeg 


V 
V 
V 
V 
V 
[ns 
Tas 
ied 


NOTE 2: Care must be taken that this rating is observed even during power-up. 
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ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


electrical characteristics over recommended operating free-air temperature range, VCC = 4.5 V to 
5.5 V (unless otherwise noted) 


total device 


PARAMETER TEST CONDITIONS 


V 2 
ae towers nate oye [Se ieee b= 
3 

5 
S 
3 
pe ae 
mag 
P= Resistance trompin 12 pin1@ OP a] 
is) 

analog multiplexer 4 
TEST CONDITIONS Tor] ° 


Vv) = folock = 640 kHz 
lon Channel on-state current (see Note 3) 
Vi = O, felock = 640 kHz 


Vcc = 5 V, Vj =5V 
| Channel off-state current 7A * wal 
off Vi =5V 

gree 


T Typical values are at Vcc = 5 V and Ta = 25°C. 
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 
frequency. 
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Apcos0sM 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


operating characteristics, TA = 25°C, Vcc = VREF+ = 5 V, VREF— = OV. felock = 640 kHz 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


Vv =V =45Vto 5.5 V, 
LSB 


2 


Linearity error (see Note 6 a ee eee 
ERR ABMRRESN a ACen eNEeeeY ee 
Ta = 25°C +0.25 .+0.5 
i = 
Ta = =55°C to 125% 


teonv Conversion time See Note 8 and 9 and Figure 1 90 100 116 
td(EOC) Delay time, end of conversion output | See Notes 8 and 10 and Figure 1 6) 14.5 


tT Typical values for all except supply voltage sensitivity are at Vcc = 5 V, and all are at Ta = 25°C. 
NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 
varies. The supply and Vref+ are varied together and the change in accuracy is measured with respect to full-scale. 
5. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 
. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
. Refer to the operating sequence diagram. 
. For clock frequencies other than 640 kHz, tcegny is 57 clock cycles minimum and 74 clock cycles maximum. 
. For clock frequencies other than 640 kHz, tq(EQc) Maximum is 8 clock cycles plus 2 us. 
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PARAMETER MEASUREMENT INFORMATION 


Voce 


OUTPUT 


100 pF 


FIGURE 1. TEST CIRCUIT 
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ADCO808M 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


PRINCIPLES OF OPERATION 


The ADCO808M consists of an analog signal multiplexer, an 8-bit successive-approximation converter, 
and related control and output circuitry. 


2 


multiplexer ” 
vend 

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. = 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch = 

is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge © 

of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new o 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion Oo 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End- 2 
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power — 

up to assure start up. oC 

1S) 

converter $ 
The CMOS threshold detector in the successive-approximation conversion system determines each bit = 

by examining the charge on a series of binary-weighted capacitors (Figure 2). In the first phase of the a 


conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 


In the next phase of the conversion process, all ST and Sc switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one- 
half the Vcc voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit- 
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 


With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 


Sc 


THRESHOLD 
DETECTOR 


TO 
OUTPUT 


64 4 2 1 
LATCHES 
NODE 128 REF+ #REF+ REF+ @REF+ REF # REF REF+ 
ane Be) joe aie eae ming ee ec a 
Fh A eh 


FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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ADC0831A, ADCO832A, ADCO831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


D2795, AUGUST 1985—REVISED JUNE 1986 


8-Bit Resolution ADC0831.. . P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Easy Interface to Microprocessors or 
Stand-Alone Operation 


2 


@ Operates Ratiometrically or with 5-V oe a? 
Reference GND Fa 2 
@ Single Channel or Multiplexed Twin 2 
Channels with Single-Ended or Differential ADC0832 . . . P DUAL-IN-LINE PACKAGE = 
Input Options (TOP VIEW) ro) 
‘ : : : En S 
Input Range O to 5 V with Single 5-V astti Ueh Vec/REF o 
Supply ome 
@® Inputs and Outputs are Compatible with $ 
TTL and MOS oy 
Oo 
@ Conversion Time of 32 us at x 
CLK = 250 kHz © 
ed 
@ Designed to be Interchangeable with Oo 
National Semiconductor ADC0831 and 
ADC0832 
) peice ee 
DEVICE 
ADC0831 +1 LSB ~ SEA LSB 
ADC0832 +1 LSB +% LSB 
description 
These devices are 8-bit successive-approximation analog-to-digital converters. The ADCO831A and 
ADCO0831B have single input channels; the ADCO832A and ADCO832B have multiplexed twin input 
channels. The serial output is configured to interface with standard shift registers or microprocessors. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
The ADCO832 multiplexer is software configured for single-ended or differential inputs. The differential 
analog voltage input allows for common-mode rejection or offset of the analog zero input voltage value. 
In addition, the voltage reference input can be adjusted to allow encoding any smaller analog voltage span 
to the full 8 bits of resolution. 
The operation of the ADCO831 and ADCO832 devices is very similar to the more complex ADCO0834 and 
ADC0838 devices. Ratiometric conversion can be attained by setting the REF input equal to the maximum 
analog input signal value, which gives the highest possible conversion resolution. Typically, REF is set 
equal to Vcc (done internally on the ADCO832). For more detail on the operation of the ADCO831 and 
ADC0832 devices, refer to the ADCO0834/ADC0838 data sheet. 
The ADC0831AI, ADCO0831BI, ADCO832AI, and ADCO832BI are characterized for operation from — 40°C 
to 85°C. The ADC0831AC, ADCO0831BC, ADCO832AC, and ADCO832BC are characterized for operation 
from O°C to 70°C. 
PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform 4p 
etn faced oped plead ne 4E 2-37 
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ADC0831A, ADCO832A, ADCO831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


functional block diagram 
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START 
FLIP-FLOP 


TO INTERNAL 
CIRCUITS 


SINGLE/DIFFERENTIAL 


CHO/IN + ANALOG 


COMPARATOR 


CH1/IN— wr 
cs 
EN 
cs 
cs 
N R R 
. > CLK CLK J 
LADDER 9-BIT B. 
REF AND SHIFT 


DECODER REGISTER 
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ADC0831A, ADC0832A, ADCO831B, ADCO832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


sequence of operation 
ADC0831 


NO 


MUX slice 


| 

| 

| }¢—_—_——-sB-FiIRST DATA] | 
SETTLING—p} 


| 
TIME 
DATA _HIZ HI-Z 
7 6 oe See A 0 


Data Acquisition Circuits 


a — — 
caf wll (lll LEM idle 


TIME 
DATA e ban HI-Z 
OUT (DO) 
7 6 eee 2 1 (¢) 1 2 eee 6 7 


ADCO0832 MUX ADDRESS CONTROL LOGIC TABLE 


MUX ADDRESS CHANNEL NUMBER 


—_ ee Sento ae Seto 
+ ~ 


H = high level, L = low level, — or + = polarity of selected input pin 
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ADC0831A, ADCO832A, ADCO831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


absolute maximum ratings over recommended operating free-air temperature range (unless otherwise 
noted) 


2 Rte Vee OW Or Neate Parity tele. SLs ao Boia eo pe fis Oo epee Oe ee 6.5 V 
Pier Tee WET eeele TemPaCS ULC Pe NG SS US ao a bated by Spa oe be eee -O0.3Vto 15 V 

Bron es 25-9 Ss FSR Ee es EA eS -—0.3 V to Vcc +0.3 V 

Pear MNT ese et os Sh ones ere te Oe we dk Soele ORE d Shey DORN oo apse Mee ae eee ee +5 mA 

ave ee AN re GUIECRINNT TO CEA: a i ip 08 ba tee a heres Bg Oa edie wow Vie ae he Re On +20 mA 

Operating free-air temperature range: Al and BI suffixes ...............0.... —- 40°C to 85°C 

Pits BG MORO, cs ek Ek Rayesee eae wee 0°C to 70°C 

SOLOS AGMDONAti Ne HONOO (60 os ae Or Orn Bet P St OSs ASE PERT TA —65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..............002e ee eee 260°C 


NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. 
recommended operating conditions 


eas ae OR ae erm eee TSE 
Vcc Supply voltage 4.5 5 6.3 
Vin High-level input voltage 


S}INDIID UOIIsINnboYy eleEgG 


Setup time, low or ADCO832 data valid before clockt 
th Hold time, ADCO832 data valid after clockT 
Al and BI suffixes 


ing free-ai t 
Ta Operating free-air temperature AC and BC suffixes 


NOTE 2: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended 
duty cycle range, the minimum pulse duration (high or low) is 1 us. 


electrical characteristics over recommended range of operating free-air temperature, 
Vcc = 5 V. felock = 250 kHz (unless otherwise noted) 


digital section 
eesti ensiat | AL BISUFFIX | AC, BC SUFFIX | 


voltage Neem Aros foie VO ere Pee ee Se Ni Sd 
High-level input 


| 
Low-level input 
He agi 
current 
High-level output Vv an Ta = 25°C 6.5 14 
OH (source) current a ak: 
Low-level output eae y r 25°C 8 16 A 
OL (sink) current I. es lee c 
High-impedance- Vo = 5V, Ta = 25°C 0.01 3 0.01 3 ES 
pA 


Sta 
amas ie» 


loz state output 
current (DO) 


Cj Input capacitance 
Co Output capacitance 


T All parameters are measured under open-loop conditions with zero common-mode input voltage. 
¥ All typical values are at Vcc = 5 V, Ta = 25°C. 
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ADC0831A, ADCO0832A, ADC0831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


electrical characteristics over recommended range of operating free-air temperature, VCC = 5 V, 
felock = 250 kHz (unless otherwise noted) 


analog and converter section 


PARAMETER TEST CONDITIONST MIN TyYPt MAX | UNIT 


-0.05 
See Note 3 to V 
Vcc + 0.05 


[oftchanne | ____i = Oetottchannel «i 
z 
[ofrchannet [Wi = SVatoff-channel «4 S—~wiY 
PrRER) __Teputresitancetorreference teddy] «TCS YOR 


total device 


PARAMETER TEST CONDITIONST MIN TYP? MAX | UNIT 


, ee isbit aman Coenen 
u rren 
cc res ADCO0832 


T All parameters are measured under open-loop conditions with zero common-mode input voltage. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 


NOTES: 3. If channel IN — is more positive than channel IN +, the digital output code will be 0000 0000. Connected to each analog input 
are two on-chip diodes that will conduct forward current for analog input voltages one diode drop above Vcc. Care must 
be taken during testing at low Vcc levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high 
temperatures, cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the 
analog voltage does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 
O V to 5 V input voltage range requires a minimum Vcc of 4.95 volts for all variations of temperature and load. 

4. Standby input currents are currents going into or out of the on or off channels when the A/D converter is not performing 
conversion and the clock is in a high or low steady-state condition. 


VICR Common-mode input voltage range 


Standby input 


l(stdby) Current 
(see Note 4) 


operating characteristics VCC = REF = 5 V, felock = 250 kHz, tr = tf = 20 ns, TA = 25°C 
(unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


Supply-voltage variation error Vcc = 4.75 V to 5.25 V 


Total unadjusted error Vref = OV, 
(see Note 5) Ta = MIN to MAX 


Differential mode +116 +1/4 


+1/2 + 
1 


4 | tsB | 


A 
. } MSB-first 
Propagation delay time, nek 650 1500 
tpd output data after CLK! TSBtiret L = 100 pF 
(see Note 6) 250 600 
data 
L 


C 
Ci = 10-pF, 
Output disable time, Rt = 10 kQ 
DO after CSt Ci = 100 pF, 
RL = 2 kQ 
‘ Conversion time (multiplexer Se ey ot clock 
5 as addressing time not included) periods 


tdis 


T Alt parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX, 
use the appropriate value specified under recommended operating conditions. 
NOTES: 5. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 
6. The most significant-bit-first data is output directly from the comparator and therefore requires additional delay to allow for 
comparator response time. Least-significant-bit-first data applies only to ADCO832. 
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ADC0831A, ADCO832A, ADCO0831B, ADCO832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


PARAMETER MEASUREMENT INFORMATION 


2 


Vcc 
CLK 50% 
———-GND 


a tod 


! oy meal 
DATA OUT ee OH 
(DO) sca 


FIGURE 2. DATA OUTPUT TIMING 


SUINDIID UOIISINnDOY e}eEG 


Vcc 
TEST S1 | 

FROM 
OUTPUT 
UNDER 

ah (See Note A) \ 

LOAD CIRCUIT 
oe ie ty a >| ltr 
| 


| 
! 90% Vec =o i 90% Vcc 
cs 50% cs 50% | oe 
= a = “OND SRT PRR 5 


—>}—tais }¢-—>}— tdis 


—mm—aee -Vcc 
DO AND S1 open a7 DO AND S1 closed a 
SARS OUTPUT S2 open 
SARS OUTPUT _S2 closed_ haa SET, GNO pe £10% oa 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


NOTE A: Cy, includes probe and jig capacitance. 


FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADC0831A, ADCO832A, ADCO831B, ADCO0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


Linearity Error—LSB 


Offset Error—LSB 


TYPICAL CHARACTERISTICS : 


UNADJUSTED OFFSET ERROR 
vs 
REFERENCE VOLTAGE 


HU 
FP SL 
(app ee 
Bt mee ealy 
ede Sn 41 Hott 
of | LUM TTT PT 
me RAS Sei! woh en 
gt REE EL 
OSE rt 
2 4 | NUTT PT 
CoP St 11 
0 ETH 


0.01 0.1 1 10 


Vref— Reference Voltage—V 
FIGURE 4 


LINEARITY ERROR 
vs 
FREE-AIR TEMPERATURE 


Vref = SV 
fclock = 250 kHz 


- =S6..=25 0 26... 60-76. 400 


Ta—Free-Air Temperature — °C 
FIGURE 6 


1.5 


1.25 


1.0 


Linearity Error—LSB 
o 
“J 
ol 


Linearity Error—LSB 


LINEARITY ERROR 
vs 
REFERENCE VOLTAGE 


Vcc =5V 
felock = 250 kHz 
TA 


= 25°C 


Vref—Reference Voltage—V 
FIGURE 5 
LINEARITY ERROR 


vs 
CLOCK FREQUENCY 


Data Acquisition Circuits lege 


100 200 300 400 500 600 


fclock — Clock Frequency — kHz 
FIGURE 7 
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ADC0831A, ADCO832A, ADCO831B, ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 
2? vs vs 
FREE-AIR TEMPERATURE CLOCK FREQUENCY 


1.5 


Le] fclock = 250 kHz 
pe} 
yy 
> £ 
a | t 
:. 
Se e ¢ 
ao : 
po = S 
jos 
ee t 
— ARRENS 9 
= = 
~” 
0.5 
-50 -25 0) 25 50 75 #8100 
Ta—Free-Air Temperature — °C fclock—Clock Frequency—kHz 
FIGURE 8 FIGURE 9 
OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 
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FIGURE 10 
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ADC0834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


D2795, AUGUST 1985—REVISED OCTOBER 1986 


8-Bit Resolution ADC0834 . . . N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Easy Interface to Microprocessors or 
Stand-Alone Operation 


2 


@ Operates Ratiometrically or with 5-V 
‘Reference 


” 
ead 
@ 4- or 8-Channel Multiplexer Options with ‘5 
Address Logic o 
@ Shunt Regulator Allows Operation with O 
High-Voltage Supplies ADC0838 . . . N DUAL-IN-LINE PACKAGE & 
(TOP VIEW) = 
@® Input Range O to 5 V with Single 5-V = 
Suppl a 
pply = 
Remote Operation with Serial Data Link - 
Inputs and Outputs are Compatible with < 
TTL and MOS g 
i) 
@ Conversion Time of 32 us at Q 
fclock = 250 kHz 
@ Designed to be Interchangeable with 
National Semiconductor ADC0834 and 
ADC0838 
ADC0838 . . . FN CHIP CARRIER PACKAGE 
|_ TOTAL UNADJUSTED ERROR | (TOP VIEW) 
TOTAL UNADJUSTED ERROR aby: 
ao ee B55 5: 
ADC0838 +1 USB +1/2 LSB ak 5 BO 9 mf tee | nem 
3.29 
description CH3 [14 18}Cs 
CH41{]5 17{}DI 
These devices are 8-bit successive- CHS {16 16[1CLK 
approximation analog-to-digital converters each CH6 117 iSTISARS 
with an input-configurable multichannel CH7118 14f1D0 
multiplexer and serial input/output. The serial 9 1011 
input/output is configured to interface with = 
standard shift registers or microprocessors. = Aa lo 
Detailed information on interfacing to most < - a 
popular microprocessors is readily available from = 
the factory. O < 
The ADCO834 (4-channel) and ADCO838 
(8-channel) multiplexer is software configured 
for single-ended or differential inputs as well as 
pseudo-differential input assignments. The 
differential analog voltage input allows for 
common-mode rejection or offset of the analog 
zero input voltage value. In addition, the voltage 
reference input can be adjusted to allow 
encoding any smaller analog voltage span to the 
full 8 bits of resolution. 
The ADCO834AI, ADCO834BI, ADCO838Al, and ADCO838BI are characterized for operation from — 40°C 
to 85°C. The ADCO834AC, ADCO834BC, ADCO838AC, and ADCO838BC are characterized for operation 
from 0°C to 70°C. 
PRODUCTION DATA documents contain information E Copyright © 1985, Texas Instruments Incorporated 
Serer emesis cee, ae See Texas WP 
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NOTE A: For the ADCO8354, DI is input directly to the D input of SELECT 1, SELECT O is forced to a high. 


ADC0834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


functional description 


The ADCO0834 and ADCO838 use a sample data comparator structure that converts differential analog 
inputs by a successive-approximation routine. Operation of both devices is similar with the exception of 
a select enable (SE) input, analog common input, and multiplexer addressing. The input voltage to be 
converted is applied to a channel terminal and is compared to ground (single-ended), to an adjacent input 


2 


(differential), or to a common terminal (pseudo-differential) that can be an arbitrary voltage. The input £ 
terminals are assigned a positive (+) or negative (—) polarity. If the signal inputs applied to the assigned =} 
positive terminal is less than the signal on the negative terminal, the converter output is all zeros. £ 
Channel selection and input configuration are under software control using a serial data link from the 0 
controlling processor. A serial communication format allows more functions to be included in a converter 5 
package with no increase in size. In addition, it eliminates the transmission of low-level analog signals r=) 
by locating the converter at the analog sensor and communicating serially with the controlling processor. O 
This process returns noise-free digital data to the processor. = 
A particular input configuration is assigned during the multiplexer addressing sequence. The multiplexer g 
address is shifted into the converter through the data input (DI) line. The multiplexer address selects the 

analog inputs to be enabled and determines whether the input is single-ended or differential. When the Hs} 
input is differential, the polarity of the channel input is assigned. Differential inputs are assigned to adjacent Oo 


channel pairs. For example, channel O and channel 1 may be selected as a differential pair. These channels 
cannot act differentially with any other channel. In addition to selecting the differential mode, the polarity 
may also be selected. Either channel of the channel pair may be designated as the negative or positive input. 


The common input on the ADCO0838 can be used for a pseudo-differential input. In this mode, the voltage 
on the common input is considered to be the negative differential input for all channel inputs. This voltage 
can be any reference potential common to all channel inputs. Each channel input can then be selected 
as the positive differential input. This feature is useful when all analog circuits are biased to a potential 
other than ground. 


A conversion is initiated by setting the chip select (CS) input low. This enables all logic circuits. The CS 
input must be held low for the complete conversion process. A clock input is received from the processor. 
On each low-to-high transition of the clock input, the data on the DI input is clocked into the multiplexer 
address shift register. The first logic high on the input is the start bit. A 3- to 4-bit assignment word follows 
the start bit. On each successive low-to-high transition of the clock input, the start bit and assignment 
word are shifted through the shift register. When the start bit has been shifted into the start location of 
the multiplexer register, the input channel has been selected and conversion starts. The SAR Status output 
(SARS) goes high to indicate that a conversion is in progress and the DI input to the multiplexer shift register 
is disabled for the duration of the conversion. 


An interval of one clock period is automatically inserted to allow for the selected multiplexed channel to 
settle. The data output DO comes out of the high-impedance state and provides a leading low for this 
one clock period of multiplexer settling time. The SAR comparator compares successive outputs from the 
resistive ladder with the incoming analog signal. The comparator output indicates whether the analog input 
is greater than or less than the resistive ladder output. As the conversion proceeds, conversion data is 
simultaneously output from the DO output pin with the most significant bit (MSB) first. 


After eight clock periods the conversion is complete and the SAR Status (SARS) output goes low. 


The ADC0834 outputs the least-significant-bit-first data after the MSB-first data stream. If the shift enable 
(SE) line is held high on the ADC0838, the value of the least significant bit (LSB) will remain on the data 
line. When SE is forced low, the data is then clocked out as LSB-first data. (To output LSB first, the SE 
control input must first go low, then the data stored in the 9-bit shift register will output with LSB first.) 
When CS goes high, all internal registers are cleared. At this time the output circuits go to the high-impedance 
state. If another conversion is desired, the CS line must make a high-to-low transition followed by address 
information. 
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ADCO834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


functional description (continued) 


The DI and DO pins can be tied together and controlled by a bidirectional processor 1/O bit received on 
a single wire. This is possible because the DI input is only examined during the multiplexer addressing 
interval and the DO output is still in a high-impedance state. 


Detailed information on interfacing to most popular microprocessors is readily available from the factory. 


sequence of operation 
ADC0834 


10 18 19 20 21. 
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| 
—4 le—tsu icign SELECT 
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| j+———sB-FIRST DATA———»le —LSB-FIRST DATA———> 


| 
MAX SETTLING 
TIME ke 
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Do LSB 
eer: RS Ee Bees yes se 


ADCO0834 MUX ADDRESS CONTROL LOGIC TABLE 


CHANNEL NUMBER 
SELECT BIT? | O 1 2 3 


MUX ADDRESS 
e L 
L H 
H i: 
H H 
L L 
L H 
H L 
H H 


H = high level, L = low level, — or + = polarity of selected input pin 


SGL/DIF 
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ADCO834A, ADCO838A, ADCO834B, ADC0838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


sequence of operation 
ADC0838 
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ADC0834A, ADCO838A, ADC0834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


ADC0838 MUX ADDRESS CONTROL LOGIC TABLE 


MUX ADDRESS SELECTED CHANNEL NUMBER 


SGL/DIF| ODD/EVEN rato 
as 8 es 
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absolute maximum ratings over recommended operating free-air temperature range (unless otherwise 


noted) 
Buoy WOMnOG, vet (nee INOLOne t BIG ae). Ss 6 cw © he ee i a a ow RR Ce ele OR ene 6.5 V 
WIE -VERLRGO-FANiGG; “LOGIC sh Soe he ee ene a be ae ina eee SE -0.3 Vto 15 V 
PRM ONS RO GPS a nn SON EE IS De hs Sak 5 -0.3 V to Vcc +0.3 V 
REUSE OUST ONT Le Nt TIN te ca a coach aks lb ons Ke hale SRK Ado eek ba Oe ee Re es 15 mA 
PAE INC 8 Fog gine G's eG sO ee he he EE a caeaaick +5 mA 
eyes EIR CROWES Oi EN Seo i aka. eae Se ais S bhi re es Re ee ee eee +20 mA 
Operating free-air temperature range: Al and BI suffixes .................... — 40°C to 85°C 
PAG NE tos ROG 2 oa, 0s Se Se oy EY ok 0°C te-70°C 
WOCAUE AATRDATATIES TONIO 6 SSP way: on ts Von te Pe eae ye eh pe Men ee -—65°C to 150°C 
aun ceinpelate Tor, LGeRCUIeIG. -r le DBCKAUG. <5 e etka cho ae ke ee eee eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Internal zener diodes are connected from the Vcc input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to Vcc through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vcc input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 
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ADC0834A, ADCO838A, ADCO834B, ADC0838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


recommended operating conditions 


[iN NOM MAX [UNIT 


VoOC Supply voltage 4.5 See 
ViH High-level input voltage 


2 


ViL Low-level input voltage 
g 
3 
¢ 
tsy Setup time, CS low, SE low, or data valid before clockt rs) 
: 
. ; Al and BI suffixes oO 
TA Operating free-air temperature : : 
AC and BC suffixes aan 
B 
NOTE 3: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended = 
duty cycle range, the minimum pulse duration (high or low) is 1 us. rz} 
<x 
electrical characteristics over recommended range of operating free-air temperature, © 
Vcc = V+ = 5V., felock = 250 kHz (unless otherwise noted) 4 
a) 


digital section 


| arawerer =| Tes'conomonst MIN TYP* MAX | MIN TYP* MAX 


Veg = 475 V, lon = = 360 nA 


IoOH = —10 pA 


TAIl parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified). 
+All typical values are at Vcc = V+ = 5V, Ta = 25°C. 
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-ADC0834A, ADCO838A, ADC0834B, ADCO838B 


A/D PERIPHERALS WITH SERIAL CONTROL 


electrical characteristics over recommended range of operating free-air temperature, 
Vcc = V+ = 5V., felock = 250 kHz (unless otherwise noted) 


analog and converter section 


PARAMETER TEST CONDITIONS? MIN TYpt MAX | UNIT 


Vy = 8 V aton-channel 
ecm MRE PE eae oe 
Vj = 0 at on-channel Por ee a te 
eee Oe OR wemene come 
[rivet _laput resistance tovreference ladder SSSCSC~iCSC‘ SC] 


total device 


PARAMETER 


Vz Internal zener diode breakdown voltage 


VICR Common-mode input voltage range 


Standby input current 


| 
istdby) (see Note 5) 


TEST CONDITIONSt 
l) = 15 mA at V+ pin, 
See Note 2 


icc Supply curren RO cog Sat 


TAll parameters are measured under open-loop conditions with zero common-mode input voltage. 
tAll typical values are at Vcc = 5 V, V+ = 5 V, Ta = 25°C. 
NOTES: 2. Internal zener diodes are connected from the Vcc input to ground and from the V + input to ground. The breakdown voltage 
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to Vcc through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vcc input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 
4. If channel IN — is more positive than channel IN +, the digital output code will be O000 OOOO. Connected to each analog input 
are two on-chip diodes that will conduct forward current for analog input voltages one diode drop above Vcc. Care must be 
taken during testing at low Vcc levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high temperatures, 
cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the analog voltage does 
not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute O V to 5 V input 
voltage range requires a minimum Vcc of 4.950 volts for all variations of temperature and load. 
5. Standby input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion 
and the clock is in a high or low steady-state condition. 
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ADC0834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


operating characteristics V+ = Vcc = 5 V., fclock = 250 kHz, tr = tf = 20 ns, Ta = 25°C (unless 


otherwise noted) 
BI, BC SUFFIX | Al, AG SUFFIX 


PARAMETER TEST CONDITIONSt NIT 
Vcc = 4. 


Supply-voltage variation error C = 4.75 V to 5.25 V +1/16 +1/4 +1/16 +1/4 


Viet = 5V, 
Total unadjusted error (see Note 6) * 1/2 +1 LSB —_ 
Ta = MIN to MAX = | 
Common-mode error Differential mode +1/16 +1/4 +1/16. + 1/4 = 
Change in zero-error from : © 
: } = 15 mA at V+ pin, 
Vcc = 5 V to internal zener eA AE nk Geen 1 LSB c 
diode operation (see Note 2) ref i cat oO 
Propagation delay time, | isp -first data 650 1500 650 1500 "D 
tpd output data after CLK! ; Cy = 100 pF ‘Ss 
tsee Note 7} LSB-first data 250 600 250 600 oa 
aoe Output disable time, Ci = 10 pF, Ry = 10 kQ 125 .250 125.250 g 
dis DO or SARS after C51 C= 100eF AL=2k2 | ——-s00| —=——800 | 
Conversion time (multiplexer Ss 
tconv Be ah. ; oC - 
addressing time not included) QO 
Tall parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX, 
use the appropriate value specified under recommended operating conditions. 
NOTES: 2. Internal zener diodes are connected from the Vcc input to ground and from the V+ input to ground. The breakdown voltage 
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to Vcc through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vcc input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 
6. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 
7. The most significant bit (MSB) data is output directly from the comparator and therefore requires additional delay to allow for 
comparator response time. 
PARAMETER MEASUREMENT INFORMATION 
= Sor YG 
CLK 50% 50% 
; GND 
he 
aay See rr are oe Wier: 
GND 
Vcc 
GND 
FIGURE 1. DATA INPUT TIMING 
. 4s 
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— ADCO834A, ADCO838A, ADC0834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


PARAMETER MEASUREMENT INFORMATION 


ales Tp pgieti: 
| | GND 
lethal tpd—>| le — 
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FIGURE 2. DATA OUTPUT TIMING 
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NOTE A: Cy, includes probe and jig capacitance. 
FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADC0834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


Linearity Error—LSB 


Offset Error—LSB 


TYPICAL CHARACTERISTICS 


UNADJUSTED OFFSET ERROR LINEARITY ERROR 
vs vs 
REFERENCE VOLTAGE REFERENCE VOLTAGE 


1.5 


Vcc =5V 
Felock = 250 kHz 


1.25 


Linearity Error—LSB 
° 
~ 
o 


Data Acquisition Circuits Ne 


0.25 
0 
eas altege—V Vref—Reference Voltage—V 
FIGURE 4 FIGURE 5 
LINEARITY ERROR LINEARITY ERROR 
vs vs 
FREE-AIR TEMPERATURE CLOCK FREQUENCY 


Linearity Error—LSB 


0 
0 100 200 300 400 500 600 
Ta—Free-Air Temperature—C fclock — Clock Frequency — kHz 


FIGURE 6 FIGURE 7 
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ADC0834A, ADCO838A, ADCO834B, ADCO838B 
A/D PERIPHERALS WITH SERIAL CONTROL 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 
vs 
vs 
FREE-AIR TEMPERATURE CLOCK FREQUENCY 


2 


Icc — Supply Current — mA 
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icc — Supply Current — mA 


"-50 —25 0 25 50 75 100 
Ta — Free-Air Temperature — °C felock — Clock Frequency — kHz 


FIGURE 8 FIGURE 9 


OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


Io — Output Current — mA 


Ta — Free-Air Temperature — °C 
FIGURE 10 
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TLO808, TLO809 
LOW-POWER CMOS AWALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


D2642, FEBRUARY 1986 — REVISED SEPTEMBER 1986 


© Total Unadjusted Error... +0.75 LSB Max N DUAL-IN-LINE PACKAGE 


for TLO808 and +1.25 LSB Max for (TOP VIEW) 
TLO809 Over Temperature Range 


@ ideal for Battery Operated, Portable 


; INPUTS 


Instrumentation Applications INPUTS 
7] 
@ Resolution of 8 Bits V sooness = 
: ; START L]6 ) 
@ 100 us Conversion Time ee it~ 
@ Ratiometric Conversion 211 J 2-1 (MSB) O 
20] 2-2 c 
@ Guaranteed Monotonicity i9f ]}2-3 i) 
24m 1a, } 2~4 z 
@ No Missing Codes REF+[]12 171] 2-8 (LSB) a 
@ Easy Interface with Microprocessors 16] } REF — = 
15f] 2-6 Oo 
@ Latched 3-State Outputs x 
e & 
Latched Address Inputs re ae = 
® Single 5-Volt Supply (TOP VIEW) Q 

@ 


Extremely Low Power 
Consumption . . . 0.3 mW Typ 


@ Improved Direct Replacements for 


ADC0808, ADCO809 INPUT 7115 4K 
at, La START {J 6 241]B @ ADDRESS 
description Eoc)7 230c 
-5 
The TLO808 and TLO809 are monolithic CMOS gh ei: eae 
devices with an 8-channel multiplexer, an 8-bit CLK }10 20f] 2-2 
analog-to-digital (A/D) converter, and Vec p11 19[}2-3 


microprocessor-compatible control logic. The 
8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder a 
with address load to select any one of eight a 
single-ended analog switches connected directly 
to the comparator. The 8-bit A/D converter uses 
the successive-approximation conversion 
technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, 
and a successive-approximation register (SAR). Detailed information on interfacing to most popular 
microprocessors is readily available from the factory. These devices are designed to operate from common 
microprocessor control buses, with three-state output latches driving the data bus. The devices can be 
made to appear to the microprocessor as a memory location or an I/O port. 


The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, 
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR 
and latched inputs to the multiplexer address decoder. The single 3-volt supply and extremely low power 
requirements make the TLO808 and TLO809 especially useful for a wide variety of applications including 
portable battery and LCD applications. Ratiometric conversion is made possible by access to the reference 
voltage input terminals. 


The TLO808 and TLO80O9 are characterized for operation from —40°C to 85°C. 


Copyright © 1986, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information ° 

current as of publication date. Products conform to i} 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 2-57 
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TLO808, TLO809 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


functional block diagram (positive logic) 


SAMPLE-AND-HOLD 


2 


BINARY-WEIGHTED 
CAPACITORS 


THRESHOLD 
DETECTOR 


(17) 5-8 (LSB) 
(14) 5-7 
(15) 5-6 
2-5 DIGITAL 
2-4 OUTPUTS 
(19) 5-3 
(20) 5-2 
2-1 (MSB) 
(7) END OF 
CONVERSION (EOC) 


OUTPUT 
LATCHES 


ANALOG 
INPUTS 
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START CONVERSION (START) 
OUTPUT ENABLE (OE) 


ADDRESS B ADDRESS 

ADDRESS C DECODER 
ADDRESS LOAD 
ENABLE (ALE) 


MULTIPLEXER FUNCTION TABLE 


INPUTS SELECTED 
ADDRESS _| ADDRESS | ANALOG 
| Cc BA _| STROBE | CHANNEL 


L e t 0 
L H t 1 
L L t 2 
L H t 3 
H L t 4 
H H t 5 
H L t 6 
H H t 7 


high level, L = low level 


a" 


= low-to-high transition 
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TLO808, TLO809 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


operating sequence 


Ba ag 


Z 


START ¥ 
CONVERSION le? DRIES ete PPL eke ats OIE ale ae EM OO He Per PL sa 
be —$§<}— tw(S) 2 
ADDRESS LOAD | ro 
tage 50%# | 50% SN EAN MES STR TE eS oO 
| 1 tw(ALC) S 
le-—*+ ADDRESS STABLE PEASE Nee oP AEA Ean RE ro) 
ADDRESS 50% 3 | ¥ 50% = 
f | 2] 
tsutefe or th ‘Ss 
ANALOG INPUT X . | ANALOG VALUE X a4 
p— 1 INPUT STABLE —— <x 
| 
(INTERNAL) << Gee erate er > © 
| | om 
END OF : l ‘ 50% 50% 
CONVERSION 
~—ty(EOC) —+ | 
Eee  caieeh Mas Rds RR «| HRS AIRE Bir aS 
50% 
3 ee eS OI RN en OK a a 

“ny [= fen = |= tis 

CG DW Ta: 5 Se ee eee OE eee at re ee a eke tn 

HI-Z STATE 10% 10% 

ai a3 
- JEXAS 2-59 
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TLO808, TLO8OS 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


eCREIL OM MCE RENE VEST” ARMM IN EIE OTD, Vo vince mda aw a SOE Seep ee TOE dina Coe reas WR mat 6.5 V 
AP VGC VAIS OATES cnc 25 Geese. « Fissecina eae 0! co pepTn age ts ow 8 rk Boe -0.3 to 15 V 

Mircmnrter HURNILR yf < 5 -5)s° 33 < xteicll mote Sta 013 Sab Sighe WE -O.3: ¥-t6 Vee + OSV 
Wperating iree-air Tempeterure range <. 5... Nie ae eles HS, — 40°C to 85°C 
nr meter TOOT AUIS IAI 5 org VA, cy 3 96 ke vw Po aMw hae dee Bee. BEY uae ae ai v-acae =65°C-to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C 
Case temnerature tor 10 Seaonds: Fi package... 60d eine see ahi tye * eho > a a een’ 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


fclock = 640 kHz to 1280 kHz 


Operating free-air temperature, Ta (see Note 4) 


NOTES: 2. The accuracy of the conversion will depend on the stability of the reference voltages applied. 
3. Analog voltages greater than or equal to Vref + convert to all highs, and all voltages less than V;ef — convert to all lows. 
4. For proper operation of the TLO808 and TLO809 at free-air temperatures below 0°C, Vcc and (Vref + — Vref —) should not 
be less than 3 volts. 
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: TLO808, TLO809 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


electrical characteristics over recommended operating free-air temperature range, VCC = 3 V to 5.25 V 
(unless otherwise noted) 


total device 


PARAMETER TEST CONDITIONS MIN TYPt MAX 


2 


[Won Wahiever out votage | = 300A os [vi g 
Q 3 
io = 1.2 mA E 

output current Vo =0 =), SORES Sieh | c 
[iControl input curent at maximum input vehage [vj =18V A] CS 
ig Lowlevel convol hp cment We 
2 
[Veo = SV. telock = 840K | Os ma] Oe 

tap capectence, eonmelinpate | “tanec of 
[Eq Output capacitance, date outputs | Tas 26°60 or] 
Cf eee s 
a) 


analog multiplexer 


PARAMETER TEST CONDITIONS MIN TYPT MAX 


ae ae 
Ta = 25°C 
SS SE 
ee ee 
tTypical values are at Vcc = 3 V and Ta = 25°C. 


NOTE 5: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock 
frequency. 


loff Channel off-state current 


TEXAS ¥ 2-61 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLO808, TLO809° 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


operating characteristics, Ta = 25°C, Vcc = 3 V, VREF+ = 3 V. VREF—- = OV, fclock = 640 kHz 


(unless otherwise noted) 
TLO809 
Li UNIT 


TER TEST NDITI 
PARAMETE sepae ah seis ie MIN TYPt MAX | MIN TYPTt MAX 
: Supply voltage Vcc = Vref+ = 3 V to 5.25 V, +0.05 +0.05 %/V 

SVS sensitivity Ta = —40°C to 85°C, See Note 6 
Linearity error +0.5 + LSB 
(see Note 7) 

B 
s 
s 


2 


/ 
; 1 S 
Zero error (see Note 8) 
Total unadjusted Ta = 25°C +0.25 +0.5 < 
error (See Note 9) __[ Ta = —40°C to 85°C 
ten Output enable time Ci = 50 pF, RL = 10 kQ ‘80 250 80 250 
tdis Output disable time CL = 10 pF, RL = 10 kQ 105 250 105 250 
See Note 10 90100116 | 90 110 116 
a 


me 
pn 
nae pe wpe ule 


TTypical values for all except supply voltage sensitivity are at Vcc = 3 V, and all are at Ta = 25°C. 
NOTES: 6. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage 
varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
7. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 
8. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
9. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
10. Refer to the operating sequence diagram. 
11. For clock frequencies other than 640 kHz, tq(EQC) Maximum is 8 clock periods plus 2 ys. 


tg(EOC) end of conversion See Notes 10 and 11 


output 
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TLO808, TLO809 
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


PRINCIPLES OF OPERATION 


The TLO808 and TLO809 each consists of an analog signal multiplexer, an 8-bit successive-approximation 
converter, and related control and output circuitry. 


multiplexer 


The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new 
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion 
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End- 
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power 
up to assure start up. 


converter 


The CMOS threshold detector in the successive-approximation conversion system determines each bit 
by examining the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the 
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by 
simultaneously charging all the capacitors to the input voltage. 


Data Acquisition Circuits Bp 


In the next phase of the conversion process, all ST and SC switches are opened and the threshold detector 
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. 
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and 
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold 
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference 
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the 
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one- 
half the Vcc voltage), a bit is placed in the output register, and the 128-weight capacitor is switched 
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit- 
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so 
forth down the line, until all bits are counted. 


With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. 
The conversion process is successive approximation, but relies on charge redistribution rather than a 
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB. 


Sc 


THRESHOLD 
DETECTOR 


TO 
OUTPUT 
LATCHES 


NODE 128 REF+ REE~ REF+ qREF+ REF F+ qREF+ REF+ 
PS. nce Boe tr ace ate ner Bro nee 


FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


D2234, JUNE 1976—REVISED SEPTEMBER 1986 


Functionally Interchangeable with Siliconix @ Uniform On-State Resistance for Minimum 
DG182, DG185, DG188, DG191 with Same Signal Distortion 
Terminal Assignments 


+10-V Analog Voltage Range 


TTL, MOS, and CMOS Logic Control 
Adjustable Reference Voltage Compatibility 


JFET Inputs 


Monolithic Construction 


TL182 
N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


description 


The TL182, TL185, TL188, and TL191 are 
monolithic high-speed analog switches using BI- 
MOS technology. They comprise JFET-input 
buffers, level translators, and output JFET 
switches. The TL182 switches are SPST; the 
TL185 switches are SPDT. The TL188 is a pair 
of complementary SPST switches as is each half 
of the TL191. 


Data Acquisition Circuits Bp& 


A high level at a control input of the TL182 turns TL185 
the associated switch off. A high level at a N DUAL-IN-LINE PACKAGE 
control input of the TL185 turns the associated (TOP VIEW) 


switch on. For the TL188, a high level at the 


control input turns the associated switches $1 
on and S2 off. 


The threshold of the input buffer is determined 
by the voltage applied to the reference input 
(Vref). The input threshold is related to 
the reference input by the equation 
Vth = Vref + 1.4 V. Thus, for TTL compati- 


bility, the Vref input is connected to ground. The TL188 
JFET input makes the device compatible with N DUAL-IN-LINE PACKAGE 
bipolar, MOD, and CMOS logic families. (TOP VIEW) 


Threshold compatibility may, again, be 
determined by Vth = Vref +1.4 V. 


The output switches are junction field-effect 
transistors featuring low on-state resistance and 
high off-state resistance. The monolithic 
structure ensures uniform matching. 


BI-MOS technology is a major breakthrough in 
linear integrated circuit processing. BI-MOS can TL191 

have ion-implanted JFETs, p-channel MOS-FETs, N DUAL-IN-LINE PACKAGE 
plus the usual bipolar components all on the (TOP VIEW) 
same chip. BI-MOS allows circuit designs that 
previously have been available only as expensive 
hybrids to be monolithic. 


Devices with an ‘’M”’ suffix are characterized for 
operation from —55°C to 125°C, those with an 
“‘I’" suffix are characterized for operation from 
—25°C to 85°C, and those with a ‘’C”’ suffix 
are characterized for operation from O°C to 


° 
728 tae NC—No internal connection 
PRODUCTION DATA documents contain * Copyright © 1984, Texas Instruments Incorporated 
information current as of publication date. 
Products conform to specifications per the terms 


of Texas Instruments standar babe 
Production processing does not necessarily 
include testing of all parameters. 
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TL182, TL185 
BI-MOS SWITCHES 


TL182 TWIN SPST SWITCH 


schematic (each channel) symbol 


Vit . Vee 


TO OTHER HALF 


VEE Vref 


FUNCTION TABLE 
(EACH HALF) 


A Ss 
L ON (CLOSED) 
; 


TO OTHER HALF 


TL185 TWIN DPST SWITCH 


schematic (each channel) symbol 


Vee* Yeo 
hro OTHER HALF 


i UL ly | 
i eet 


1D1 
1D2 


2D1 
2D2 


” 


B 5 


VEE Vref 


FUNCTION TABLE 
(EACH HALF) 


INPUT SWITCHES 
L OFF (OPEN) 


i TO OTHER HALF 
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TL188, TL191 
BI-MOS SWITCHES 


TL188 DUAL COMPLEMENTARY SPST SWITCH 


schematic symbol 


Ng 2 es 


D1 


sae | : 


eo ae FUNCTION TABLE 
OFF peer ON ape 
ON (CLOSED) OFF (OPEN) 


TL191 TWIN DUAL COMPLEMENTARY SPST SWITCH 


schematic (each channel) symbol 


Veu° <-Voc 
bac OTHER HALF 


> ps ep 
eal 


VEE Vref 


OFF saa 
ON (CLOSED) 


ON =raieal 
OFF (OPEN) 


ba OTHER HALF 
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TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


functional block diagram 


2 


DORD1 oa 


See the preceding two pages for operation of the switches. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SHINDIUD uonisinboy ejeg 


Positive.supply-to negative supply voltage; VCC —. VERO... fc cls ck cae ci este ae ales te 36 V 
Positive supply vonage-to-eltner. drain, VEC: — VD i. oa se Se ee ea lee ee ore ele els 33 V 
een +O (eta ve, Sur NOt gUGs VE). > VER ccclece Stele eee dia cba a Mts e'aece ts Anke Soo a gee we 33 V 
Lcapeen “SOc GOGO @ WMG VC es cg chs xs ow Walp veal Ww kd a eae obs vee ke dae dw £22 V 
Logic Suoply to negative supply Voltage, Vij — VER... dele eee wR Se Bes ale 6 36 V 
eee SL Aer ce REID VOC, YE BE a aig Skye acd x Weeee, a ieteoe Den. sw oe os ahh we Ce 3a V 
EGuic slippy -to:-Tererance VOuaOe: VEL Vrat. ok cok oi ie eee te se OE ree ee 33:-V 
ee LTE EO Caracal VONOOe St er Mire ta’. ai eis xe alls, «so be ¢ 4 aoe ee pe ae ee aa eR aN 33 V 
Hererence 10 negative Guoply voltage, Vraf — VEE 0: 6... oes ek cee ene De me eee ead 27 V 
Re RA Os RARE IRN aa har ie ay meeps hgsntynstin We jodcn yaciohyeacgbimcan ied gchats nigel acme alii anc icin 2V 
EEL) ge COT STN ele ON ele Re ae iG ee NES eam PE ROSY Gir RAM! Sap SP rer agree aC LT ee okey Rar 30 mA 
Operating free-air temperature range: TL182M, TL185M, TL188M, TL191M .... -—55°C to 125°C 
TLTS2t, TLISSt- IL 16S; FEIGU wo —25°C 10:85°G 

FLU2C, Th 1S9C 2 FE eG, FEV UG ee es O°U ta 7e7C 

SPCHG RITITIOI CUE TAROR. creo celanid AGE Ew bss Sia pie as Ce ROLE s 8 OI ee Th ae —652C te 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...............2020005 260°C 
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electrical characteristics, Vcc = 15V, VEE = —15V, VLL =5V. Vref = OV 


PARAMETER TEST CONDITIONS 
High-level control 
VIH 
input voltage 
Low-level control 
VIL 
input voltage 
Vy = 5V 


Ta = MIN TO MAX 


; High-level control Ta = 25°C 
iH input current Ta = MAX 
Low-level control , iiGs tniiiase 
= fc) 
1 input current A 
Ta = 25°C 
ID(off) Off-state drain current = aaa 
A — 
Ta = 25°C 
IS(off) Off-state source current = MAX 
A — 


On-state channel 


ID(on) +'!S(on) 


leakage current 


Drain-to-source 


r 
DS(on) on-state resistance 


Cc Supply current from Vcc 


TL185,| Ta = MIN to 25°C 
TL191 Ta = MAX 


TL182,] Ta = MIN to 25°C 
TL188 Ta = MAX 


E Supply current from Veg 
L Supply current from Vi, 
C 


Both control inputs at O V Zor 


=| 
> 
it 


Cc 
E 
aL 


lref Reference current 


PARAMETER TEST CONDITIONS TL1_M 
TYP 


arcane 175 
AL = 3000, CL =300F, Figure 1 
off ig 


Both control inputs at 5 V Ta = 25°C 


¥ Turn-off time 


TL1_M 


Vref +2 Vref +2 Vref +2 


Vref + 0.8 Vref +0.8 


TEI 


NO 
2) 


~ 
oa 
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LGLIL ‘88111 ‘S8L1L ‘28111 
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TL182, TL185, TL188, TL191 
BLMOS SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


2 


ViL=5V Vec=15V 


9g OUTPUT 
= Vs 

® 

> C, = 30 pF 
3 ie 
Q 

ec. 

g, = Vrep=O0 Veg=—-15V 

long 

S C_ includes probe and jig capacitance 

Q Vs =3V for to, and —3 V for toff 

= Re 

@ Vo=Vs ——_—_ 

= Ri + 'DS(on) 

” 


TEST CIRCUIT 


ty, < 10 ns 


OUTPUT 


NOTE: A. The solid waveform applies for TL185 and SW1 of TL185 and TL191; the dashed waveform applies for TL182 and SW2 of 
TL185 and TL191. 
y B. Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at 
the leading and trailing edges of the output waveform. 


FIGURE 1. VOLTAGE WAVEFORMS 
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TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


D2477, DECEMBER 1979—REVISED DECEMBER 1986 


TL500C/TL501C 
ANALOG PROCESSORS 


@ True Differential Inputs 2 
@ Automatic Zero 
” 
@ Automatic Polarity = 
®@ High Input Impedance . . . 109 Ohms Oo 
Typically rs) 
TL500C CAPABILITIES TL501C CAPABILITIES S 
Resolution . . . 14 Bits (with TL502C) @ Resolution... 10-13 Bits (with TL502C) $ 
Linearity Error .. . 0.001% @ Linearity Error. ..0.01% 4 
4 1/2-Digit Readout Accuracy with External ® 3 1/2-Digit Readout Accuracy < 
Precision Reference Ss 
oe 
TL502C/TL503C TL502C CAPABILITIES on 
DIGITAL PROCESSORS 
@ Compatible with Popular Seven-Segment 
Fast Display Scan Rates Common-Anode Displays 
@ Internal Oscillator May Be Driven or ® High-Sink-Current Segment Driver for Large 
Free-Running Displays 
©. Anterdigit Blanking TL503C CAPABILITIES 
@ Over-Range Blanking 
° j 
®@ 4 1/2-Digit Display Circuitry sr psoas abet cel 
@ High-Sink-Current Digit Driver for Large pigh- eke Carnet RGD: Dutpate 
Displays 
ft Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
Ata placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 
description 
The TL500C and TL501C analog processors and TL502C and TL503C digital processors provide the basic 
functions for a dual-slope-integrating analog-to-digital converter. 
The TL500C and TL501C contain the necessary analog switches and decoding circuits, reference voltage 
generator, buffer, integrator, and comparator. These devices may be controlled by the TL502C, TL503C, 
by discrete logic, or by a software routine in a microprocessor. 
The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The 
TL502C provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD 
outputs. 
When used in complementary fashion, these devices form a system that features automatic zero-offset 
compensation, true differential inputs, high input impedance, and capability for 4 1/2-digit accuracy. 
Applications include the conversion of analog data from high-impedance sensors of pressure, temperature, 
light, moisture, and position. Analog-to-digital-logic conversion provides display and control signals for 
weight scales, industrial controllers, thermometers, light-level indicators, and many other applications. 
PRODUCTION DATA documents contain information P Copyright © 1979, Texas Instruments Incorporated 
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TL500€ THRU TL503C 

ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


A emma Nowe 


CA ARPA AE RETIRE: As ET SLD tS I EM AEDS EEE: ai VRS Rape TL EM ae OS PEE las gd AE Ee A et Pe I LO eS Lae eR Gee eek Reet re Be aL 
principles of operation 


The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, Cx, is charged 
through the integrator from VcT for a fixed period of time at a rate determined by the value of the unknown 
voltage input. Then the capacitor is discharged at a fixed rate (determined by the reference voltage) back 
to VcT where the discharge time is measured precisely. The relationship of the charge and discharge values 


2 


9g are shown below (see Figure 1). 
ry 
Vit 
> Vcx = VCT - Charge (1) 
3 Rx Cx 
c, Vref t2 
2. Vet = Vcex- —_- Discharge (2) 
= Rx Cx 
a Combining equations 1 and 2 results in: 
© es ; 
; hla 
as Vref t4 (3) 
” 


where: 


VcT = Comparator (offset) threshold voltage 

Vcx = Voltage change across Cx during t1 and during t2 (equal in magnitude) 
V| = Average value of input voltage during t1 

t4 Time period over which unknown voltage is integrated 

t2 = Unknown time period over which a known reference voltage is integrated. 


) Equation (3) illustrates the major advantages of a dual-slop converter: 
a. Accuracy is not dependent on absolute values of tj and t2, but is dependent on their ratios. Long- 
term clock frequency variations will not affect the accuracy. 
b. Offset values, VCT, are not important. 


The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement 
cycle into three phases. The BCD counter changes at a rate equal to one-half the oscillator frequency. 


auto-zero phase 


The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels 
to inputs A and B of the analog processor. If the trigger input is at a high level, a free-running condition 
exists and continuous conversions are made. However, if the trigger input is low, the digital processor 
stops the counter at 20,000, entering a hold mode. In this mode, the processor samples the trigger input 
every 4000 oscillator pulses until a high level is detected. When this occurs, the counter is started again 
and is carried to completion at 30,000. The reference voltage is stored on reference capacitor Cref, 
comparator offset voltage is stored on integration capacitor Cx, and the sum of the buffer and integrator 
offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is 
characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and 
d-c shifted by the level shifter. 


integrate-input phase 


The auto-zero phase is completed at a BCD count of 30,000, and high levels are applied to both control 
inputs to initiate the integrate-input phase. The integrator charges Cx for a fixed time of 10,000 BCD counts 
at a rate determined by the input voltage. Note that during this phase, the analog inputs see only the high 
impedance of the noninverting operational amplifier input. Therefore, the integrator responds only to the 
difference between the analog input terminals, thus providing true differential inputs. 
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TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


integrate-reference phase | 


At a BCD count of 39,999 + 1 = 40,000 or O, the integrate-input phase is terminated and the integrate- 
reference phase is begun by sampling the comparator output. If the comparator output is low corresponding 
to a negative average analog input voltage, the digital processor applies a low and a high to inputs A and 
B, respectively, to apply the reference voltage stored on Cref to the buffer. If the comparator output is 


2 


high corresponding to a positive input, inputs A and B are made high and low, respectively, and the negative 2 
of the stored reference voltage is applied to the buffer. In either case, the processor automatically selects ‘- 
the proper logic state to cause the integrator to ramp back toward zero at a rate proportional to the reference £ 
voltage. The time required to return to zero is measured by the counter in the digital processor. The phase © 
is terminated when the integrator output crosses zero and the counter contents are transferred to the c 
register, or when the BCD counter reaches 20,000 and the over-range indication is activated. When (© 
activated, the over-range indication blanks all but the most significant digit and sign. = 
Seventeen parallel bits (4-1/2 digits) of information are strobed into the buffer register at the end of the Ss | 
integration phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven- 4 
segment drivers (TL502C) at a rate equal to the oscillator frequency divided by 400. _q 
BCD COUNTER VALUES = 
20,000 30,000 1) 20,000 30,000 ) 20,000 OQ 
AUTO ZERO | INTEGRATE! - INTEGRATE : AUTO ZERO | INTEGRATE INTEGRATE | 
| INPUT REFERENCE INPUT REFERENCE | 


INTEGRATOR 


OUTPUT Vipin 1)? Vipin 2) 


(POSITIVE ANALOG VOLTAGE) 


Vipin 1) < vi in 2) 
| (NEGATIVE ANALOG VOLTAGE) 


| | 
— — — — Vipin 2) 


COMPARATOR 


| l | 

, : | ! : 7 
| | 
| | 


| 

3 | 

a eee ee | 
OL SORES GIRO cS, Cok Me easy ona MRP co 8 Ree Vi | eee m= OV 


! et as eee 
l | | 
SL Se EE Maen Se 2 Ra eee SOS SS Si fea eta OU es See en Seer eie ae PO tees Bae! 2 See gt ity me 


xxx Stohr Sate KKK xX Pogn romney KOC 
RR KKK SERIE KKK 
*This step is the voltage at pin 2 with respect to analog ground. 


FIGURE 1. VOLTAGE WAVEFORMS AND TIMING DIAGRAM 
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Cz CONTROLA 


A INPUT _ OUTPUT. 


a 
ANALOG SWITCH 
LOGIC CONTROL CONTROL B 
INPUT _ OUTPUT 
REF IN 


REF OUT 1 REFERENCE 
VOLTAGE 


ANALOG PROCESSOR DIGITAL PROCESSOR 
TL500 OR TL501 TL502 OR TL503 (See Note A) 
—Ee eRe Gee eae ewe ees ae ee «eee ae Sas CaS 
Cx 2 vecr 1 
Rx | 
OSCILLATOR DIVIDE BCD 
BUFFER INTEGRATOR wPurs | hr 1 CReLCATOR PcounTeR [~ TRIGGER 
OUTPUT OUTPUT 2 D INPUT 
ep ee GEE gre «= om ——s Ge GES wets me soe | 

~ e ° e 7 | (See Note B) 
7 COMPARATOR ff COMPARATOR | l 
Pe OUTPUT INPUT | 
ANALOG A ° e © BUFFER 

POT 4 REGISTER 
$2 INTEGRATOR | | 
ANALOG A f 2 | | | 
INPUT 2 eel | SIGN 
| BIT | 
(18) LEVEL 

0 SHIFTER J reo >—| MULTIPLEXER l 
| 


Cref 


| 
| 
l 
| 
r- 


$9018 ONIGTING HALYIANOD-1VLISIC-OL-DOTVNY 


Se 


6 en ses emmy ‘ine ene is, ela 


ANALOG DIGITAL DIGIT-ENABLE COMMON 
GROUND COMMON OUTPUTS 
(D1 THRU D5) 


NOTES: A. Pin 18 of the TL502 provides an output of fog¢ (oscillator frequency) + 20,000. 
B. The trigger input assumes a high level if not externally connected. 


FIGURE 2. BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER USING TL500C or TL501C and TL502C or TL503C 
ANALOG CONTROLS ANALOG SWITCHES 
moor | “near | commamaron | “hoe | coe | 
Foodie > eee qummn near MO UE tec 
_ $6, 


L 
Integrate x S3, S6, S7 
Reference | Ss) sg, S88 0 | 
H = High, L = low, X = Irrelevant 


T If the trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal the digital processor 
to continue or resume normal operation. 
+ This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 


A BCD 4, A a ouTPUTS 
DRIVERS (TL503C ONLY) 

i | 

j | 

t DIGIT-ENABLE OUTPUTS 

DRIVERS 
a Sa aces (TL502C ONLY) 
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| TL500C, TL501C 
‘ANALOG PROCESSORS 


description of analog processors J DUAL-IN-LINE PACKAGE 


The TL500C and TL501C analog processors are ica 
designed to automatically compensate for ANALOG INPUT 1 [11 
internal zero offsets, integrate a differential ANALOG INPUT 2{]2 i 
voltage at the analog inputs, integrate a voltage REF OUTPUTLJ3 = 161) Vcc + 

at the reference input in the opposite direction, REF INPUT L}4 18} | BUFFER OUTPUT 

and provide an indication of zero-voltage ANALOG GND(}5 VALINTEGRATOR INPUT: 
crossing. The external control mechanism may Cref+ U6 13) ] INTEGRATOR OUTPUT 
be a microcomputer and software routing, Cref— 7 121) Vcc - 

discrete logic, or a TL502C or TL503C controller. CONTROL 6 INPUT ||8 11} J DIGITAL COMMON 

The TL500C and TL501C are designed primarily CONTROLAINPUT([9___ 10} | COMPARATOR OUTPUT 
for simple, cost-effective, dual-slope analog-to- 

digital converters. Both devices feature true 

differential analog inputs, high input impedance, 

and an internal reference-voltage source. The TL500C provides 4-1/2-digit readout accuracy when used 
with a precision external reference voltage. The TL501C provides 100-ppm linearity error and 3-1/2-digit 
accuracy capability. These devices are manufactured using Tl’s advanced technology to produce JFET, 
MOSFET, and bipolar devices on the same chip. The TL500C and TL501C are intended for operation over 
the temperature range of O°C to 70°C. 


Data Acquisition Circuits Bp 


schematics of inputs and outputs 


CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT 


DIGITAL 
COMMON 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Posve Sunbr VOREGR, Wire TRO NOUR Ty 5 crate oo io 05.5 bi eyas bd acecanntmcglnin 0 <6 ) areata s +18 V 
Pees ercrneee einen OUR ft Ne ah Degas ok PGs, bo ae S's koe CRE CA ee ak + Be hw See -18 V 
PURE iN ROI SES CP Soe rn Shey Sih jg a caw PES MR ERED oo neds pled eT +VCC 
Comparator output voltage range (see Note 2) ............ eee ee eee es 0 V to Vcc + 
Comuarator- OLtnut Giri Currant (860 Mote 2) oan PY ee a ee 20 mA 
Buffer, reference, or integrator output source current (see Note 2) ...............0005- 10 mA 
Total dissipation at (or below) 25°C free-air temperature (see Note 3) ............... 1025 mW 
Onerating free-air temperature Tange 2. re ee Pee Mee ee ede -—0°C to 70°C 
SUE RMTTNIOT ONTO TRIE 055 saci y Sos cu aceite ae Rk eget 80 8 OR bo —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds................20006- 300°C 


NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground common pin tied together. 
2. Buffer, integrator, and comparator outputs are not short-circuit protected. 
3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Appendix A. TL500C and TL501C chips 
are glass mounted. 
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TL500C, TL501C | 
ANALOG PROCESSORS 


recommended operating conditions 


eRe Sea. Lo rad 
[Differential analog input voltage Vip SSS IO 
Contra’ SEE ERIC 

cs Gay aS 


2 


Low-level input voltage, Vi. ontrol inputs 


[Peak negative integrator output voltage, VoM— SSCS 
[Autozero and reference capacitors, Czand Get —SSCSCSC“‘“‘SSSCSC~C~C“‘“‘“‘;<Ci*] i‘ 
02 

Beaiemineat to eo oh oe hee 


See 
Integrator time constant, RxCx ee 
ote 


Free-air operating temperature, Ta 
Maximum conversion rate with TL502 or TL503 


oo 


° 
pe 
wn 
@ 
ie) 


SUINDIID UOHIsINnboy ejleg 


system electrical characteristics at VCC + = +12 V, Vref = 1,000 + 0.03 mV, Ta = 25°C 
(unless otherwise noted) (see Figure 3) 


TL501C TL500C 
TEST CONDITION Ne 
PARAMETER ai.C0 2 MIN TYP MAX | MIN. TYP MAx | ow" 


Zero error RRR tS near: PO 3 1030 |_ wv 
Full scale temperature coefficient Ta = 0°C to 70°C Ca eS es Ge eae ees 
[Temperature coefficient of zero evor_| Ta=O°cto7oc | 4 ~*+4t Ss 
CO RSS Scr aia Sie 200 500 30__100 
[ Equivalent peak-to-peak input noise voltage) ———=—S—S~CSCSC—tSSCSC~tOSC~C~C~‘iTSC(“‘ OSC~*dSC 
[Analog input resistance] Pin'tor2SSSCSC~TSC(‘O!C~C*dTSOC‘NO™SOC~C‘“(;SCG 
[Common-mode rejection ratio | Vic=-tVto+iv | 86 ~*+| 90+ ~-~SC«d;s=C 
i ays Vee oe 


Current into analog input Vi = +5V eg sis A 
Supply voltage rejection ratio ree cor cere ge eer en. tome ea eee name 


tT Rollover error is the voltage difference between the conversion results of the full-scale positive 2 volts and the full-scale negative 2 volts. 
NOTE 4. The minimum integrator time constant may be found by use of the following formula: 


— Vip (full scale) ty 
Minimum RxCx “|Vom -] ~ Vitein 2} 
where 


voltage at pin with respect to pin 2 


VID 
V\(pin 2) = voltage at pin 2 with respect to analog ground 
t4 input integration time seconds 


i, 
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TL500C, TL501C 
ANALOG PROCESSORS 


electrical characteristics at VCC + = +12 V, Vref = 1V, Ta = 25°C (see Figure 3) 


integrator and buffer operational amplifiers 


2 


ircuits 


Cet! (eon | PP) Pt eae 
Vig = =1Ve FTV 


comparator 


MIN 
Vom Negative output voltage swing | —=—SSCSCSCSCSCSCSCSTTTC = 
MIN 


ENG nett iene TL ee 
oe wat eT re et a 
ve plaemeliogin Pg 


voltage reference output 


PARAMETER TEST CONDITIONS MIN TYP MAX |} UNIT 
Reference-voltage 
Ta = 0°C to 70°C m/° 
Vref temperature coefficient A Pee een” 
SL tol. Walemee cummin || 


logic control section 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
iH High-level input current ViH = 2V hee eh wee 
Ne Low-level input current ViL = 0.8 V -40 -300 


total device 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
cn, Regie mumpie cman | ee Pp ee a eee 
cen. a emcee PT ae 
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TL500€, TL501C 
ANALOG PROCESSORS 


PARAMETER MEASUREMENT INFORMATION 
12V -12V 5V 


P 


Vec+ 


S}JINDIID uosinboy ejeg 


PRECISION MPU 


ANALOG 


VOLTAGE INPUTS marner iba 
SOURCE 
1,000 +0.03 mV} per CONTROL B 


Cref+ 


Crop = 1 2F BUFFER 
(See Note D) OUTPUT Rial 
Rx = 27k2 from 
Ne INTERESTS acne Vip(full scale)t1 
Cz = 1uF IN x©X" Vom-ViiPIN 2) 
(see Note D) i INTEGRATOR alkteed 
2 output iia) «(8 Note D) 
ANALOG DIGITAL 


GND COMMON 


DIGITAL COMMON 


NOTES: C. Tests are started approximately 5 seconds after power-on. 
D. Capacitors used are TRW’s X363UW polypropylene or equivalent for Cx, Cre¢, and Cz; however for Cre¢ and Cz film-dielectric 
_ Capacitors may be substituted. 


FIGURE 3. TEST CIRCUIT CONFIGURATION 


external-component selection guide 


The autozero capacitor Cz and reference capacitor Cref should be within the recommended range of 
operating conditions and should have low-leakage characteristics. Most film-dielectric capacitors and some 
tantalum capacitors provide acceptable results. Ceramic and aluminum capacitors are not recommended 
because of their relatively high-leakage characteristics. 


The integrator capacitor Cx should also be within the recommended range and must have good voltage 
linearity and low dielectric absorption. A polypropylene-dielectric capacitor similar to TRW’s X363UW is 
recommended for 4-1/2-digit accuracy. For 3-1/2-digit applications, polyester, polycarbonate, and other 
film dielectrics are usually suitable. Ceramic and electrolytic capacitors are not recommended. 


Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6, 
13, 1, 2, 15) must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed 
at the package, for example, by a 0.01-yF ceramic capacitor. 


Analog and digital common are internally isolated and may be at different potentials. Digital common can 
be within 4 volts of positive or negative supply with the logic decode still functioning properly. 


The time constant RxCx should be kept as near the minimum value as possible and is given by the formula: 


Vip (full scale) t4 
IVom —|—Vi(pin2) 


Minimum RxCx 


where: 


Voltage on pin 1 with respect to pin 2 
Input integration time in seconds 
Voltage on pin 2 with resepct to analog ground 


Vip(full scale) 
‘4 
Vi(pin 2) 
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description of digital processors 


The TL502C and TL503C are control logic 
devices designed to complement the TL500C 
and TL501C analog processors. They feature 
interdigit blanking, over-range blanking, an 
internal oscillator, and a fast display scan rate. 
The internal-oscillator input is a Schmitt trigger 
circuit that can be driven by an external clock 
pulse or provide its own time base with the 
addition of a capacitor. The typical oscillator 
frequency is 120 kHz with a 470-picofarad 
Capacitor connected between the oscillator input 
and ground. 


The TL502C provides seven-segment-display 
Output drivers capable of sinking 100 
milliamperes and compatible with popular 
common-anode displays. The TL503C has four 
BCD output drivers capable of 100-milliampere 
sink currents. The code (see next page and 
Figure 4) for each digit is multiplexed to the 
output drivers in phase with a pulse on the 
appropriate digit-enable line at a digit rate equal 
to fosc, divided by 200. Each digit-enable output 
is capable of sinking 20-milliamperes. 


The comparator input of each device, in addition 
to monitoring the output of the zero-crossing 
detector in the analog processor, may be used 
in the display test mode to check for wiring and 
display faults. A high logic level (2 to 6.5 volts) 
at the trigger input with the comparator input at 
or below 6.5 volts starts the integrate-input 
phase. Voltage levels equal to or greater than 7.9 
volts on both the trigger and comparator inputs 
clear the system and set the BCD counter to 
20,000. When normal operation resumes, the 
conversion cycle is restarted at the auto zero 
phase. 


These devices are manufactured using I2L and 
bipolar techniques. The TL502C and TL503C are 
intended for operation from O°C to 70°C. 


TL502C, TL503C 


DIGITAL PROCESSORS 


TL502 . . . N DUAL-IN-LINE PACKAGE 


TABLE OF SPECIAL FUNCTIONS 
Vcc = 5V +10% 


COMPARATOR 
INPUT 
Vv; 56.5 V 
V;s6.5 V 


TRIGGER 
INPUT 
Vi) <0.8 V 
2 VsV;s6.5 V 


V;s6.5 V Vjz7.9V 
Vi2z7.9V V,;<6.5 V 


Both inputs to go Vj=7.9 V 
simultaneously 
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(TOP VIEW) 
CONTROL B OUTPUT[]1 201] Vcc 
D1 (LSB) [}2 19] |} CONTROL A OUTPUT 2 
DIGIT D2(j3 181 ] 20,000T 
ENABLE D3]4 17{ |] OSCILLATOR INPUT ” 
OUTPUTS D4[j5 16] ] TRIGGER = 
D5 (MSB)+(Je — 151] COMPARATOR INPUT ro} 
7-SEGMENT { A[]|7 141 ]G on 
: T 
DRIVER Btls istle U pasate O 
OUTPUTS C{]}9 12, JE OUTPUTS S 
DIGITAL COMMON 11] D 2 
3 
= } 
TL503 . . . N DUAL-IN-LINE PACKAGE fox 
(TOP VIEW) g 
CONTROL B OUTPUT []1 W16[] Vcc 5 
D1 (LSB)LJ2 15) CONTROL A OUTPUT t 
DIGIT D2L}3 14) OSCILLATOR INPUT Q 
ENABLE D3 [j4 13|_] TRIGGER 
OUTPUTS D4L}s5 = 121. ] COMPARATOR INPUT 
D5 (MSB)*+(J6 111 JQ3 
QolLj7 101LJQ2 
DIGITAL COMMON []s 91 }Q4 
T Pin 18 of TL502 provides an output of fog¢ (oscillator frequencies) 
320,000. 
+D5, the most significant bit, is also the sign bit. 
FUNCTION 
Hold at auto-zero cycle after completion of conversion 
Display Test: All BCD outputs high 
System clear: Sets BCD counter to 20,000. 
When normal operation is resumed, cycle begins with Auto Zero. 
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TL502C, TL503C 
DIGITAL PROCESSORS 


DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 


2 


& 


H = high level, L = low level 


schematics of inputs and outputs 


COMPARATOR AND TRIGGER INPUT 


2.5k2 
INPUT 


CONTROL A AND B OUTPUTS 


Voo-\= 
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eee fell vats seal! raat) |) coe oa va, camel borg fl A 
ee ee 
SF hr eae oe ee ee. Oa ee 
6 ho ae oe eae Ta 
Pris Cris ree tis erie 


Rar sas 
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10 kQ 
OUTPUT 
44k 
COMMON 


TL503C BCD OUTPUT LINES 


DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4) 


TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 
3 a2 Q1 Q 


Q 


Cc 


Oo 
mi 


Fc 


G) 


: 


f 


aes, Woks 


SEGMENT DRIVERS—TL502C 
BCD DRIVERS—TL503C 


i 
750 Q 
- OUTPUT 
5k2 
COMMON - —— 


DIGIT-ENABLE OUTPUTS 


37-¥oe 
DISPLAY 

-- TESTOR 
SYSTEM 
CLEAR 


——-COMMON 


OUTPUT 


COMMON--— — — 
*Shorted on TL503C 
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- ‘TL502C, TL503C 
DIGITAL PROCESSORS 


absolute maximum ratings 


5 ea SSF ae SRS 
Input voltage, V| ; V 
Comparator or Trigger | 9 
BCD or Segment drivers | 120 
Digitenable outputs | ——~—~=SOSS~S~*dCim 
ON Ea 92 ES 


Output current 


°C 


NOTES: 5. Voltage values are with respect to the network ground terminal. 
6. For operation above 30°C free-air temperature, derate linearly at the rate of 9.2 mW/°C. 


recommended operating conditions 


Supply voltage, Voc | ae gh ean 
High-level input voltage, Vj} Comparator and trigger inputs 


Low-level input voltage, Vi. Comparator and trigger inputs 


Operating free-air temperature 


Data Acquisition Circuits By 
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78°C 
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dy. SVX4] 
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electrical characteristics at 25°C free-air temperature 


PARAMETER TERMINAL TEST CONDITIONS bi a Li UNIT 
MIN TYP MAX; MIN 


Positive-going input 


V 
T+ threshold voltage 


Negative-going input 
threshold voltage 


VT+ —-VtT-_ Hysteresis 
Input current at 
IT + positive-going input 


threshold voltage 
Input current at 


1 negative-going input 
threshold voltage 


Pin 18 (TL502C only lol = 10 mA 
Control A and B Vec = 4.5 V lol = 2mA 0.088 4 0.088 0.4 Vv 
lo. = 100 mA O17 03 


ion = 20 A rT. toe Ob 
i ee ae 
VoL aciaial soliuivaiiie P= T6008 aot 
BCD drivers = iOnht Oe 01703 
Comparator, Tlager Sew ONL ke Sabot wa 
Vec = 5.5V, Vi =5.5V 
CATT: RNR Te te 
Comparator, Tigger Po ene s at ree ee 
WH High-level input current Vcc = 5.5 V, Vi = 2.4V mA 
Sa mene ESA" ERI a ae Sg 
Oscillator —0.1 -0.17 —-0.1 -—0.17 
| Low-level input voltage [Oscillator V =' 6:5: V, V,-= 04 V 
‘ wlevel input voltage | Comparator, Trigger F Megs 08, iWin dav) be ae | 
Digit enable TL Ra Se ST ey Se 
Pin 18 (T5020 onl ToakevC lob ee eh 
: inebeptnc rig TCT CE : 025-04 [028 04 
eautaanpae i ERA: ARR RIS 
BCD drivers PEELE Re DEERE VCH AMRES FR 
Low-level output current 
| Digit enable V = 4.5 V, Vo = 3.55 V 


~S 
Ww 
~ 
Ww 


r) 
B 
> 


3 
_ 
°o 


Icc Supply current 2 
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TL502C, TL503C 
DIGITAL PROCESSORS 


special functions! operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 
' Input current into Vcc = 5.5 V, Vv; = 8.55 V ee 1.8 | mA 
| 


comparator or trigger inputs Vcc = 5.5 V, V; = 6.25 V Paras eS 


tThe comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions. 


TYPICAL APPLICATION DATA 


| 
D1 
tag— 16.7 us (see Note E) 
316.7 us ; 


Data Acquisition Circuits Hp® 


NOTE E: The BCD or seven-segment driver outputs are present for a particular digit slightly before the falling edge of that digit enable. 


FIGURE 4. TL502C, TL503C DIGIT TIMING WITH 120-kHz CLOCK SIGNAL AT OSCILLATOR INPUT 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


D2366, OCTOBER 1977—REVISED SEPTEMBER 1986 


@ 3-Digit Accuracy (0.1%) ait sank bccn lilis ata 
(TOP VIEW) 
@ 10-Bit Resolution 
; Vec F]1 141 Zero cap 2 2? 
@® Automatic Zero ANALOG IN [ }2 13|_] ZERO CAP 1 
@ Internal Reference Voltage REF OUTL]3 = 12}. | INTEG RES A 
; é REF IN [| |4 111] INTEG IN ~ 
@ Single-Supply Operation GND [5 101] INTEG OUT 5 
® High-Impedance MOS Input BIN Ljé 9} ] GND .— 
A IN []7 8{] COMP OUT © 
@ Designed for Use with TMS1000 Type c 
Microprocessors for Cost-Effective ro) 
High-Volume Applications © 
” 
@ BI-MOS Technology ‘Ss 
oy 
@ Only 40 mW Typical Power Consumption a 
& 
q Caution. This device has limited built-in gate protection. The leads should be shorted together or the device © 
Ava placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. os 
description 
The TL505C is an analog-to-digital converter building block designed for use with TMS1000 type 
microprocessors. It contains the analog elements (operational amplifier, comparator, voltage reference, 
analog switches, and switch drivers) necessary for a unipolar automatic-zeroing dual-slope converter. The 
logic for the dual-slope conversion can be performed by the associated MPU as a software routine or it 
can be implemented with other components such as the TL502 logic-control device. 
The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration 
and offset capacitors and permit conversion speeds from 20 per second to 0.05 per second. 
The TL505C is a product of Tl’s BI-MOS process, which incorporates bipolar and MOSFET transistors on | 
the same monolithic circuit. The TL505C is characterized for operation from O°C to 70°C. 
PRODUCTION DATA documents contain information : Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to ‘} 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


functional block diagram 


cx 


Rx 


2 


(10) VCC (1) 


LOGIC DECODE 
AND 
SWITCH DRIVERS 


VOLTAGE 
REFERENCE 


SUNDIID uoHisinboy e}eg 


Li_--_-1-—-©-—---—---—---O------- 


FULL-SCALE 
ADJUST = GND GND 


NOTE: Analog and digital GND are internally connected together. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply NOWMNGO: Ver meee Bote] os uw SER eth eS ale 070% Rio Aa yw hw eg EW ae WS 18 V 
(Sone eg Re ge OT a 5s a gO aE ane Ain aR Se Bae end See aes Ur SoM CPA Ne, ¢eT ae” Vcc 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 875 mW 
Operating tree-air temmereture range... 0 as ass ons eel ae ke eee Pee O°C to. 70°C 
SR RPC ORT OTN | 2 Gear eveica e 3 Sh a. ee WED hace Wa shy BO RNS ine —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds....................2.. 260°C 


NOTES: 1. Voltage values are with respect to the two ground terminals connected together. 
2. For operation above 25°C free-air temperature, derate linearly to 560 mW at 70°C at the rate of 7.0 mW/°C. 


recommended operating conditions 


Operating free-air temperature, Ta 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


electrical characteristics, VCC = 9 V, Vref(i) = 1V. TA = 25°C, connected as shown in Figure 1 
(unless otherwise noted) 


Ss neato 
ig ___Highevel input currentinto AorB | V=SV i 
Pi, Low-level input ourent into Aor | W=tV iY 200 
[ig Total integrator input Bias eurent [dT i] 
fee Speen” a feet | ee 


system electrical characteristics, VCC = 9 V, Vref(l) = 1V. TA = 25°C, connected as shown in 
Figure 1 (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 
eat ee ee ee 


Vv; = 0 
Vie Very = TV 0588 1.000 1.002 


Temperature coefficient of V constant and = 1 V, 
p ref(l) +10 ppm/°C 
ratiometric reading Ta = 0°C to 70°C 


DEFINITION OF TERMS 


Zero Error 


The intercept (b) of the anolog-to-digital converter system transfer function y = mx + b, where y is the 
digital output, x is the analog input, and m is the slope of the transfer function, which is approximated 
by the ratiometric reading. 

Linearity Error 


The maximum magnitude of the deviation from a straight line between the end points of the transfer function. 


Ratiometric Reading 


The ratio of negative integration time (t2) to positive time (t7). 


Vv Maximum peak output voltage i. = SARS $ ae ; z . 
OM swing at integrator output mS CC cc 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


PRINCIPLES OF OPERATION 


A block diagram of an MPU system utilizing the TL505C is shown in Figure 1. The TL505C operates in 
a modified positive-integration three-step dual-slope conversion mode. The A/D converter waveforms during 
the conversion process are illustrated in Figure 2. 


Vcc 


MPU 


CONTROLLER 


LOGIC DECODE 
AND 


VOLTAGE 
She Races sc dcie SWITCH DRIVERS 
beni as CNS Has 
1 (5) L198) 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF TL505C INTERFACE WITH A MICROPROCESSOR SYSTEM 
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FUNCTION TABLE 


INTEGRATOR 
OUTPUT 


ane SS 


ve =Vo= ue Vi ep 


FIGURE 2. CONVERSION PROCESS TIMING DIAGRAMS 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


PRINCIPLES OF OPERATION 


The first step of the conversion cycle is the auto-zero period to during which the integrator offset is stored 
in the auto-zero capacitor and the offset of the comparator is stored in the integrator capacitor. To 
accomplish this, the MPU takes the A and B inputs both low. This is decoded by the switch drivers, which 
close S1 and S2. The output of the comparator is connected to the input of the integrator through the 
low-pass filter consisting of RZ and Cz. The closed loop of A1 and A2 will seek a null condition where 
the offsets of the integrator and comparator are stored in Cz and Cx, respectively. This null condition 
is characterized by a high-frequency oscillation at the output of the comparator. The purpose of S2B is 
to shorten the amount of time required to reach the null condition. 


At the conclusion of to, the MPU takes the A and B inputs both high closing S3 and opening all other 
switches. The input signal Vj is applied to the noninverting input of A1 through Cz. Vj is then positively 
integrated by A1. Since the offset of A1 is stored in C7, the change in voltage across Cx will be due to 
only the input voltage. It should be noted that since the input is integrated in a positive integration during 
t1, the output of A1 will be the sum of the input voltage, the integral of the input voltage, and the comparator 
offset, as shown in Figure 2. The change in voltage across capacitor Cx (Vc x) during t1 is given by 


Vit4 (1) 


AVCX(1) = R1Cx 


where Rj = Rx + Rg3B and 
RS3B is the resistance of switch S3B. 


At the end of t1, the MPU takes the A input low and the B input high closing S1 and S4 and opening 
all other switches. In this state, the reference is integrated by A1 in a negative sense until the integrator 
output reaches the comparator threshold. At this point, the comparator output goes high. This change 
in state is sensed by the MPU, which terminates t2 by again taking the A and B inputs both low. During 
tg, the change in voltage across Cx is given by 


Vreft2 (2) 


AVCX(2) = RoCx 


where R2 = Rx + RS4 + Rref and 


Rref is the equivalent resistance of the reference divider. 


Since AVcx1 = —AVCx2, equations (1) and (2) can be combined to give 
R1 ° t2 (3) 
Vi = ac ecigaes 
| Vref Ro . t4 


This equation is a variation on the ideal dual-slope equation, which is 


t2 (4) 
VI = Vref 1 


Ideally then, the ratio of R1/R2 would be exactly equal to one. In a typical TL505C system where 
Rx = 1 MQ, the scaling error introduced by the difference in R1 and R2 is so small that it can be neglected 
and equation (3) reduces to (4). 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 


TYPICAL APPLICATION DATA 


9V 


Cx 


ANALOG 
INPUT 


K(X) 


SEE NOTE 3 


TMS1000 
SERIES 


Cz 


SEGMENT 


FULL-SCALE TIL312 LED 
ADJUST = DISPLAYS 


NOTE 3: Connect to either 9 V or O V depending on which device in the TMS1000 series is used and how it is programmed. 


FIGURE 3. TL505C IN CONJUNCTION WITH A TMS1000 SERIES MICROPROCESSOR 
FOR A 3-DIGITAL PANEL METER APPLICATION 


12V 5V 


a Wo 
COMP/LAMP 


56 2 1N914 


Vcc 


ANALOG comp 
INPUT 


OUT 
AUDIO 
ub IN 


ab ce -@:.-s. 5... 9-102 


SEGMENT 
TIL807 


FIGURE 4. AUDIO PEAK POWER METER 
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TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


D2503, OCTOBER 1979—REVISED SEPTEMBER 1986 


Conversion Speed . . . Approximately 1 ms 


@ Low Cost ; P DUAL-IN-LINE PACKAGE 
TOP VIEW 
@ 7-Bit Resolution 
- 4 an ee ENABLE []1  8[] RESET 
uaranteed Monotonicity CLK Fl2 af Vece 
® Ratiometric Conversion GND []3 61) Vec1 
“4 OUTPUT []4 5. ] ANALOG INPUT 
& 


Single-Supply Operation . . . Either 
Unregulated 8-V to 18-V (Vcc2 Input), or 
Regulated 3.5-V to 6-V (Vcc Input) 


@ 1i2L Technology 


FUNCTION TABLE 


Msn ENABLE OUTPUT 
INPUT CONDITION 


X LT 

Vi < 200 mV H 
Vramp > Vi > 200 mV H 

Vi > Vramp H 


TLow level on enable also inhibits the reset function. 
H = high level, L = low level, X = irrelevant 


@ Power Consumption at5 V...25 mW Typ 


@ Regulated 5.5-V Output (<1 mA) 
description 


The TL507 is a low-cost single-slope analog- 
to-digital converter designed to convert analog 
input voltages between 0.25 Vcc and 0.75 
VcCc1 into a pulse-width-modulated output 
code. It contains a 7-bit synchronous counter, 
a binary weighted resistor ladder network, an operational amplifier, two comparators, a buffer amplifier, 
an internal regulator, and necessary logic circuitry. Integrated-injection logic (I2L) technology makes it 
possible to offer this complex circuit at low cost in a small dual-in-line 8-pin package. 


Data Acquisition Circuits f}®%) 


A high level on the reset pin clears the counter to zero, which sets 
the internal ramp to 0.75 Vcc. Internal pull down resistors keep 
the reset and enable pins low when not connected. 


In continuous operation, it is possible to obtain conversion speeds up to 1000 per second. The TL507 
requires external signals for clock, reset, and enable. Versatility and simplicity of operation, coupled with 
low cost, make this converter especially useful for a wide variety of applications. 


The TL507C is characterized for operation from 0°C to 70°C, and the TL5071 is characterized for operation 
from —40°C to 85°C. 


functional block diagram (positive logic) 
COMPARATOR 2 
200 mV 


ANALOG (5) 
INPUT 
e 7 
° OUTPUT 
R e 


(2) COMPARATOR 1 
CLK MS 
RESET 8) 
(1) we NNA REGULATOR 
ENABLE (7) 
Vcc2 
(6) 
Vcc1 
(3) 
GND 
Qindicates an n-p-n open-collector output. 
PRODUCTION DATA documents contain information Copyright © 1979, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments TEXAS 


standard warranty. Production processing does not : 2-91 
necessarily include testing of all parameters. INSTRUM ENTS 
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TL5071, TL07C 
ANALOG-TO-DIGITAL CONVERTER 


schematics of inputs and outputs 


EQUIVALENT OF ENABLE EQUIVALENT OF CLOCK EQUIVALENT OF ANALOG 
AND RESET INPUTS INPUT 


2 


CURRENT 
= 10uA 


OUTPUT 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


BuOOIYy VONAdGs WiC tT (ROR NOTE 1) oes oe sk ote eS ale tee Vere RE a ge) eluent oe eae 6.5 V 
RS A orale ae EE ica haa roe oN Se) ae ane PC Ra GME LEMS aE airey CaS se ae Bea hs 20 V 
Te GE OE Ee a Rai aera gd he nad, guage i NE ee ae dl Oe EG Seats Ma 6.5 V 
INput Voltage Bt enenm;.cock, and reset inputs... 5.26. hed Pe. eh od +20 V 
Soe Oe nC tS Ee tee yas. « o accae Bimal Sapte ay Mee Ra lk ee a tee tear ae ee 6 V 
eee Oa AE EIEIO RSI DS) rd oad ae ala Macaca piped! 4st dl’ nenl nl Rule ki ga ES A Pare oe OSG eee 20 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 725 mW 
Operating free-air temperature range: TL5O7I ............. 0.2.2 ee ee eee —- 40°C to 85°C 

PETG se er a ane ba eek -—0°C ta. 70°C 
LCRA CR ROITIOGTICLITO BAND occ eo kore oh Zee nk «a fo 8 0 ow x eee aes. «ee es —-65°C to: 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................20-085 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Appendix A. 
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TL5071, TL507C° 
ANALOG-TO-DIGITAL CONVERTER | 


recommended operating conditions 


| MIN NOM MAX | UNIT | 
Supply voltage, Vcc} V 
Supply voltage, Vcc2 

Input voltage at analog input 


Input voltage at chip enable, clock, and reset inputs 


2 
| 
| 


electrical characteristics over recommended operating free-air temperature range, 
Vcc1 = Vcc2 = 5 V (unless otherwise noted) 


regulator section 


lcc1 Supply current Veci = 5V, Vcc2 open 
lcc2 Supply current Vcec2 = 15 V, Vcc1 open 


inputs 


PARAMETER 
Vt+  Positive-going threshold voltage § 


VtT—  Negative-going threshold voltage 8 Clock Input 


Vhys Hysteresis (VT + - VT_) 


liH High-level input current 
Hie Low-level input current 


IOH High-level output current VOH = 18 V 
IOL Low-level output current VoL = 5.5 V 
VoL Low-level output voltage lo. = 1.6 mA 80 400 


operating characteristics over recommended operating free-air temperature range, 
Vcc1 = Vcc2 = 5.12 V 


Binary count = 127 


Full scale input voltage 8 , Binary count = 127 3.74“ BS2 3.9 
Propagation delay time from reset orenable| 


+ All typical values are at Ta = 25°C. 
§ These parameters are linear functions of Vcc1. 


Differential nonlinearity See Figure 1 
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TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


BREE Pa NETS GTS GL URL PE MT AR eg 1 cn RIT OT WR TTR RB ge RY NE RE I SE SET A RR NG RRs Pe RS OST NT COE 
. definitions 
zero error 


The absolute value of the difference between the actual analog voltage at the 01H-to-GOH transition and 
the ideal analog voltage at that transition. 


overall error 
The magnitude of the deviation from a straight line between the endpoints of the transfer function. 
differential nonlinearity 


The maximum deviation of an analog-value change associated with a 1-bit code change (1 clock pulse) 
from its theoretical value of 1 LSB. 


PARAMETER MEASUREMENT INFORMATION 


SN74191 
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ANALOG DEVICES 
AD562 
(or equivalent) 


RIPPLE 


ANALOG 
INPUT 


OUTPUT 


RIPPLE 


OUTPUTS 
DOWN/UP 


FIGURE 1. MONOTONICITY AND NONLINEARITY TEST CIRCUIT 
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ANALOG-TO-DIGITAL CONVERTER 
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PRINCIPLES OF OPERATION 


The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage- 
to-time or current-to-time converters. A study of the functional block diagram shows the versatility of 
the TL507. 


An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary- 
weighted resistors from the counter are connected to an operational amplifier used as an adder. The 
operational amplifier generates a signal that ramps from 0.75 « Vcc down to 0.25 * Vcc. Comparator 1 
compares the ramp signal to the analog input signal. Comparator 2 functions as a fault defector. With 
the analog input voltage in the range 0.25 * Vcc to 0.75 » Vcc1, the duty cycle of the output signal 
is determined by the unknown analog input as shown in Figure 2 and the Function Table. 


For illustration assume VCC1 = 5.12 V, 


0.25 ° VCC 1 


1.28 V 
(0.75 — 0.25) Vcc 


128 = 20 mV 


1 binary count 


Data Acquisition Circuits B)®) 


0.75 « Vcc1 — 1 count = 3.82 V 


The output is an open-collector n-p-n transistor capable of withstanding up to 18 volts in the off state. 
The output is current limited to the 8- to 12-milliampere range; however, care must be taken to ensure 
that the output does not exceed 5.5 volts in the on state. 


The voltage regulator section allows operation from either an unregulated 8- to 18-volt VCC2 source or 
a regulated 3.5- to 6-volt VCC1 source. Regardless of which external power source is used, the internal 
circuitry operates at VCC 1. When operating from a VC¢1 source, VCC2 may be connected to VCC or 
left open. When operating from a VCC2 source, VCC1 can be used as a reference voltage output. 


—. ANALOG INPUT 


RAMP INPUT TO pet 
COMPARATOR 1 SEee ~— ANALOG INPUT 
LEVEL 2 


OUTPUT FOR 
INPUT LEVEL 1 


OUTPUT FOR 
INPUT LEVEL 2 


FIGURE 2 
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TL601, TL604, TL6O7, TLE10 
P-MOS ANALOG SWITCHES 


D2161, JUNE 1976—REVISED OCTOBER 1986 


@ Switches +10-V Analog Signals P PACKAGE 
(TOP VIEW) 
@® TTL Logic Capability 
TL601 
@ 5- to 30-V Supply Ranges 2 
@ Low (100 (2) On-State Resistance - 
@ High (1011 Q) Off-State Resistance a 
@ 8-Pin Functions 2 
0 
description cc 
The TL601, TL604, TL607, and TL610 are a 2 
family of monolithic P-MOS analog switches that a 
provide fast switching speeds with high roff/ron =) 
ratio and no offset voltage. The p-channel i. 
enhancement-type MOS switches will accept ) g 
analog signals up to + 10 volts and are controlled S 
by TTL-compatible logic inputs. The monolithic = 
structure is made possible by BI-MOS rey 


technology, which combines p-channel MOS 
with standard bipolar transistors. 


These switches are particularly suited for use in 
military, industrial, and commercial applications 
such as data acquisition, multiplexers, A/D and 
D/A converters, MODEMS, sample-and-hold I Vec+ 
systems, signal multiplexing, integrators, pro- 
grammable operational amplifiers, programmable 


voltage regulators, crosspoint switching §|J Vec- 
networks, logic interface, and many other analog 
systems. 

TYPICAL OF TYPICAL OF 
The TL601 is an SPDT switch with two logic ALL INPUTS ALL SWITCHES 


control inputs. The TL604 is a dual 
complementary SPST switch with a single 
control input. The TL607 is an SPDT switch with 
one logic control input and one enable input. The 
TL610 is an SPST switch with three logic control 
inputs. The TL610 features a higher roff/ron ratio 
than the other members of the family. 


The TL601M, TL604M, TL607M, and TL610M 
are characterized for operation over the full 
military temperature range of — 55°C to 125°C, 
the TL601I, TL6041, TL607I, and TL610I are 
characterized for operation from -—25°C to 
85°C, and the TL601C, TL604C, TL607C, and 
TL610C are characterized for operation from 
O°C 410. 76°C.. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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TL601, TL604, TL6O7, TL610 
P-MOS ANALOG SWITCHES 


logic symbolst and switch diagrams 


TL601 (6) 
S (4) 
(7) 
(6) S1 
S (7) 55 


FUNCTION TABLE 


LOGIC INPUTS ANALOG SWITCH 
L x OFF (OPEN) ON (CLOSED) 
x L OFF (OPEN) ON (CLOSED) 
H H ON (CLOSED) OFF (OPEN) 


TL607 


FUNCTION TABLE 


INPUTS ANALOG SWITCH 
a ee a 


OFF (OPEN) OFF (OPEN) 
OFF (OPEN) ON (CLOSED) 
ON (CLOSED) OFF (OPEN) 


$1 
$2 


8) 54 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984. 


TL607 logic diagram (positive logic) 


ENABLE 


TEXAS 
INSTRUMENTS 


TL602 


FUNCTION TABLE 


LOGIC INPUT ANALOG SWITCH 
H 
L 


OFF (OPEN) 
ON (CLOSED) 


ON (CLOSED) 
OFF (OPEN) 


TL610 


now > 


FUNCTION TABLE 


INPUTS ANALOG SWITCH 
PSs Tet s 


OFF (OPEN) 
OFF (OPEN) 
OFF (OPEN) 
ON (CLOSED) 


x x 
L x 
x & 
H H 


wy 
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TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Subonw veneue Veco. (200 Nome) yc. Sc eee ® ale etch per na so Roe oS 30 V 
SI OOO i 5 cig gaa hs bccn sgay ce ene alien oa pias: «i A, nye te ee we 
VOC 30 VEE liane citicrane ela | re in cca 3 guts oe Ss ge ees 35: 
CONST iNpat VORNOe ae a sh eee ate wea see en es es ape ee eR > be pane ee VCC + 
SUCH -O1t- eee MECISUOEIE. «Sern ph atari, vate a eo eke Os ee 0 HR ew es oe ee 30 V 
SRich: Oft- Siete OL weeit cas So. os KO eS COREA so ae a ey ea ee ee 10 mA 
Operating free-air temperature range: TL601M, TL604M, TL607M, TL610M .... —55°C to 125°C . 
TLEO1I,- FEGO4r, TEGO7L. TLETOE ee: -25°C to 862C 
FL@O TC; TLOO4C  -TLEO7C, “FESIOG i e.- 2s 0°C to 70°C 
Storage temperature fange ... 2. es le ee eee iy Ag hh a A eee yee ae —65°C to 150°C 
Lead temperature (1,6 mm) 1/16 inch from case for 60 seconds: JG package............ 300°C 
Lead temperature (1,6 mm) 1/16 inch from case for 10 seconds: P package............. 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 
recommended operating conditions 


TL601M, TL604M | TL6011, TL6O04I 
TL607M, TL610M | TL6O7I, TL610I 


Supply voltage, Vcc + (see Figure 1) Bo. 10%. 265): Bie 5 20 as B= Ie Sek ee 
Supply voltage, Vcc — (see Figure 1) -§ -—20 -25| -6 +20 -25| -5 -20 .-26]. Vv | 


Vcc + to Vcc— supply voltage differential (see Figure 1) 15 30 
Lawrevel eool put votoge, Vi, —_ANaputs__[ oa | _o8[ 08 


pay memento ge Oe I eo Oe 
Operating free-air temperature, Ta —55 125 | -25 85 @) 70 


TL601C, TL604C |. 
TL607C, TL610C | UNIT 
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TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


2.4V +10 V 


OR a of OUTPUT 


| 
1k] , | * (See Note B) 


PULSE 
GENERATOR 
(See Note A) 


TEST CIRCUIT 


NOTES: A. The pulse generator has the following characteristics: 
Zout = 502, tr < 15 ns, te s 15 ns, tw = 500 ns. 
B. Cy includes probe and jig capacitance. 


FIGURE 2 


OUTPUT 90% | 


1k2 
Vo = (10 V) 
1k2+ Fron 


VOLTAGE WAVEFORMS 


TYPICAL CHARACTERISTICS 


SWITCH ON-STATE RESISTANCE 
vs 
FREE-AIR TEMPERATURE 


ron—Switch On-State Resistance—22 
r'on—On-State Resistance—{2 


SWITCH ON-STATE RESISTANCE 
vs 
SWITCH ANALOG VOLTAGE 


0 
—15 —10 —5 0 5 10 —75 -50 -25 0 25 50 75 100 125 


Vi(sw)—Switch Analog Voltage—V 
FIGURE 3 


Ta—Free-Air Temperature— C 
FIGURE 4 
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TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


electrical characteristics over recommended operating free-air temperature range, VCC + = 10 V, 
Vcc— = -—20 V, analog switch test current = 1 mA (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


2 


Switch on-state input capacitance | Vijgw) = OV, f = 1 MHz Re, eS MARE IE 
a Switch off-state input capacitance| Vijgw) = 1 MHz 


TL601 
ea eS 
Seon ee 
input high TL607 
Enable 
pes oe 5 sabe 
SA! ACU ee REL, RE SNCS 
TL601 
Logic input(s) pee thik eae a ee 
at 5.5 V, Enable 
ICC — Supply current from Voc — All switch TL607 a sige. 
terminals Enable 
MS 6s". RP ES Se 


TMAX is 125°C for M-suffix types, 85°C for |-suffix types, and 70°C for C-suffix types. 
All typical values are at Ta = 25°C except for Iof¢ at TA = MAX. 
NOTE 2: The other terminal of the switch under test is at Vcc + = 10 V. 


Logic input(s) 
at 5.5 V, 
All switch 
terminals 


lcc + Supply current from Vcc + 


open 


switching characteristics, Vcc = 10 V, Vcc— = -—20 V, Ta = 25°C 
TEST CONDITIONS 


t Switch turn-off time 400 500 
at a = 1 kQ, Ci. = 35 pF, See Figure 2 
Switeh turn-on time [100 1607 
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Low-level input current . 

aa pedi = 

| Switch off-state current cm 
See Note 2 Ss) 
eC: 

a) 

g 

fon Switch on-state resistance =) 
Co 

q 

© 

gat! 

ot Switch off-state resistance rs 
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Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range 
of operation for supply VCC + from +5 V to +25 V is shown on the vertical axis. The range of Vcc — 
from —5 volts to —25 volts is shown on the horizontal axis. A recommended 30-volt maximum voltage 
differential from VCC + to VCC— governs the maximum Vcc + for a chosen Vcc — (or vice versa). A 
minimum recommended difference of 15 volts from Vcc + to VCC — and the boundaries shown in Figure 1 
allow the designer to select the proper combinations of the two supplies. 


The designer-selected VCC + for a chosen VCC — supply values limit the maximum input voltage that can 
be applied to either switch terminal; that is, the input voltage should be between VCC — +8 V and Vcc + 
to keep the on-state resistance within specified limits. 


RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 


Vec+—Supply Voltage—V 


0 
-30 -25 -20 -15 -—10 —5 0 
Vcc——Supply Voltage—V 


FIGURE 1 
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PRODUCT TLCO4, TLC14 
PREVIEW BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


D2970, NOVEMBER, 1986 


@ Low Clock-to-Cutoff-Frequency Ratio Error D OR N PACKAGE 
TLCO4... +0.8% (TOP VIEW) 


TLO14.... 1% CLKIN(J1 CU] sPJFILTER IN 
@ Filter Cutoff Frequency Dependent Only on CLKR[]2 7LIVeEC + 
External-Clock Frequency Stability LS Lj3 6 |_JAGND 
Vec— (4 — 5, JFILTER OUT 


@ Minimum Filter Response Deviation Due to 
External Component Variations Over Time 
and Temperature 


@ Cutoff Frequency Range from 0.1 Hz to 
20 kHz 


5-V to 12-V Operation 


Self Clocking or TTL-Compatible and CMOS- 
Compatible Clock Inputs 


@ Designed to be Interchangeable with 
National MF4-50 and MF4-100 


Data Acquisi ion Circuits B® 


description 


The TLCO4 and TLC14 are monolithic Butterworth low-pass switched-capacitor filters. Each is designed 
as a low-cost, easy-to-use device and to provide accurate fourth-order low-pass filter functions in circuit 
design configurations. 


Each filter features cutoff frequency stability that is dependent only on the external-clock frequency stability. 
The cutoff frequency is clock tunable and has a clock-to-cutoff frequency ratio of 50:1 with less than 
+0.8% error for the TLCO4 and a clock-to-cutoff frequency ratio of 100:1 with less than + 1% error for 
the TLC14. The input clock features self-clocking or TTL- or CMOS-compatible options in conjunction with 
the level shift (LS) pin. 


The TLCO4 and TLC14 are characterized for operation from O°C to 70°C. 


functional block diagram 


(7) 
Vcc+ LEVEL 
(3) 
LS 
CLKIN 
CLKR > 
Li 
> 
a 
jo 
FILTER IN BUTTERWORTH (5) 
FOURTH-ORDER FILTER OUT rp 
AGND LOW-PASS FILTER © 
(4) 
o.. 
PRODUCT PREVIEW documents contain information ‘ Copyright © 1986, Texas Instruments Incorporated 
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TLOO4, TLO14 PRODUCT 
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW 
SWITCHED-CAPACITOR FILTERS 


pin description 


Clock In — The clock input terminal for CMOS-compatible clock or self-clocking options. For either option, 
the Level Shift (LS) terminal is at Vcc — . For self-clocking, a resistor is connected between the CLKIN and 


CLKR terminal pins and a capacitor is connected from the CLKIN terminal pin to ground. 
Clock R — The clock input for a TTL-compatible clock. For a TTL clock, the level shift pin is connected 
to mid-supply and the CLKIN pin may be left open, but it is recommended that it be connected to either 


Voc + or Vcc -- 


FILTER IN 8 Filter Input 
FILTER OUT 5 Butterworth fourth-order low-pass Filter Output 
S 


& 3 Level Shift — This terminal accommodates the various input clocking options. For CMOS-compatible clocks 
or self-clocking, the level-shift terminal is at Vcc — and for TTL-compatible clocks, the level-shift terminal 
is at mid-supply. 


Positive supply voltage terminal 


Vec— 4 Poe Negative supply voltage terminal 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


I Wt ines, Shenk IG TOME TE ees. ss ay tas acd mcs Dia pees RPE ALO CA Ee eee £7 V 
ClOsrating Teemu temperature FANGS i. snk. ae ee les ee OD aes oe a eg ein ee ales O*7C 40.70°C 
See arate RUIN ETBOa EMER 0 og gn a 6 Us arn by a Seat avin4 "Gb wt Sunita cy weber air arate va ae ote —65°C ta 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................45. 260°C 


NOTE 1: All voltage values are with respect to the AGND terminal. 


recommended operating conditions 


CMIN MAX 
Vocs Positive supply voltage —SSCSC~=“—~*~s~—~—“‘—*~*~*S*~s~iBSSCSC“‘“‘*S 
[Vcc— Negative supply voltage ———SSCS~—~—~‘“~*~*~*~dSCSC“‘“‘C*™SSC* 
al tink imme ee 
Vi, Low-level input voltage ————SSSCSCSC~—S—SCSCSC~iSCSSCSC~‘t 
Hfelock Clock frequency (see Note 2) | 1X06 

04. 1 ROS 


foo Cutoff frequency (see Note 3) 
Ta___Operating free-air temperature 


NOTES: 2. Above 250 kHz, the input clock duty cycle should be at 50% to allow the operational amplifiers the maximum time to settle 
while processing analog samples. 
3. The cutoff frequency is defined as the frequency where the response is 3.01 dB less than the dc gain of the filter. 


TEXAS ti 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


PRODUCT TLOO4, TLO14 
PREVIEW BUTTERWORTH FOURTH-ORDER LOW-PASS 
SWITCHED-CAPACITOR FILTERS 


electrical characteristics over recommended operating free-air temperature range, VCC + = 2.5 V, 
VCC- = -2.5 V, fclock < 250 kHz (unless otherwise noted) 


filter section 


TLCO4 TLC14 
PARAMETER rest conpirions |—_—4004_ untr 


2 


” 
dee! 
Voo Output voltage offset eae Ge ae a Se 
<i RTS BANS i eae 0 
OM Feak output voitag lee — 
ee oe i ee ey oO 
Rais ge ARG RS os hs Te SE etd een a eRe Mi NRA BES rs 
rt-circuit outpu 
s : ee at eeenave st ge ee o 
icc Supply current felock = 250 kHz 16 2.26|.... 1.6 2.26) mAs pa 
n 
NOTE 4: Ios (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 5 
supply (Vcc —) terminal. los (sink current) is measured by forcing the output to its maximum negative voltage and then shorting oy 
the output to the positive supply (Vcc +) terminal. g 
. . oe . * co 
operating characteristics over recommended operating free-air temperature range, Vcc + = 2.5 V, 4 
Vcc-— = —2.5 V (unless otherwise noted) Q 
TLCO4 TLC14 
PARAMETER Test conpitions —- |-_Tt04__| 
__parameren | _test.conomons MIN TYPT MAX 
foo = 5 kHz, 
folk = 250 kHz, 
Frequency response above and below] Ta = 25°C 
cutoff frequency (see Note 5) foo = 2.5 kHz, 
folk = 250 kHz, 
Ta = 25°C 
Dynamic range (see Note 6) Ta = 25°C eR RRaEE: ee ie eee 
Stop-band frequenc 
ne Gae yous folock < 250 kHz 2 5 24° (26 
attentuation at 2 foo 
DC voltage amplification folock S$ 250 kHz, RS =<2kQ |-0.15 0 0.15|-0.15 00.15 
Peak-to-peak clock 
eak-to-peak cloc Ta = 25°C 
feedthrough voltage 
T All typical values are at Ta = 25°C. 
NOTES: 5. The frequency responses at f are referenced to a dc gain of O dB. = 
6. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 20-kHz bandwidth is typically 
282 uV rms for the TLCO4 and 355 y»V rms for the TLC14. thd 
a 
o. 
o. 
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TLCO4, TLC14 PRODUCT 
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW 
SWITCHED-CAPACITOR FILTERS 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcec—- = -5V. felock < 250 kHz, (unless otherwise noted) 


filter section 


2 


TLCO4 TLC14 


PARAMETER TEST CONDITIONS 
MIN TYPt MAX | MIN TYPT MAX 


2.5 3.5 


NOTE 4: Igs (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 
supply (Vcc — ) terminal. los (sink current) is measured by forcing the output to its maximum negative voltage and then shorting 
the output to the positive supply (Vcc +) terminal. 


clocking section 


PARAMETER TEST CONDITIONS* 


V Positive-going input threshold voltage FEC SOV. 
itive-going input thr vo 
T+ going inp g ee 


SUINDIID UOlLISINDOY e}JeEG 


MIN TYPt MAX | UNIT 


6.1 7 8.9 ae 
V 


: ae Vec = 10 V 
VT — Negative-going input threshold voltage} CLKIN 
Vcc = 5 V 
Vhys Hysteresis (V Saree he Sh Bs 
steresi _ ms 
hys "Y T+ T Vec = 5 V 
; Vcc = 10 V K 
VOH_ High-level output voltage lo = -—10 pA 
CLKR 


—s 
w 
wo 
ad 
co 
7 


Nh 
ie) 
NO] 
™~ 
o 
: 


5V 
V Low-level output voltage NSC cute of | 10 pA 
= u = 
OL p g Vec = 5V O Be 
V = 10 Vj Level Shift pin at mid-supply, 
Input leakage current CC : z sm 
Voc = 5V {Ta = 25°C 
Output current Ge: Sow CLKR shorted to V 
utput curre ¥ 
: Vec = 5V ce 0.75 -1.5 
Output t ce ee CLKR shorted tov 2? : 
curren shorted to 
rea Vec = 5V ike + 0.65 1.3 


T All typical values are at Ta = 25°C. 
Veo = Vcoc+.> Vcc -- 


— 
NS) 
all 
NS co 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = —5 V (unless otherwise noted) 


2 


TLCO4 
PARAMETER TEST CONDITIONS cee. Sees 
MIN TYP? MAX] MIN TYPT MAX 
Clock-to-cutoff-frequency ratio 
folock = 250 kHz, Ta = 25°C | 49.58 49.98 50.38 99 100 101 ” 
(fclock/fco) ~ 
Temperature coefficient of f < 250 kH 15 0 15 /0C | 
< z ~ 
clock-to-cutoff frequency ratio clock een Oo 
folk = 250 kHz, c 
Frequency response above and below] Ta = 25°C f = 4.5 kHz |-1.56 -1.44 -—1.32 Bee oO 
cutoff frequency (see Note 5) foo = 2.5 kHz, f = 3 kHz See 7.67 -7.42 -7.17 = 
folk = 250 kHz, Ss 
Dynamic range (see Note 7) Ta = 25°C SSeS A Sie See Oe g 
Stop-band frequenc 
iii + itis folock < 250 kHz 24 «25 24 «25 6 
attentuation at 2 foo ~ 
DC voltage amplification folock = 250 kHz, RS=2k2 [-0.15 0 0.15[-0.15 00.15] aB | 
Peak-to-peak clock 
5 Ta = 25°C 25 25 mV 
feedthrough voltage 
t All typical values are at Ta = 25°C. 
NOTES: 5. The frequency responses at f are referenced to a dc gain of O dB. 
7. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 20-kHz bandwidth is typically 
282 uV rms for the TLCO4 and 355 pV rms for the TLC14. 
LL 
> 
= 
o. 
0. 
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TYPICAL APPLICATION DATA 


ND 
ol 
< 

j 

i 

| 

| 

i 

j 

= 
| 

4 
ls 

> 

2 

a 
P~ 
| 

j 


Vcc+ LEVEL 
(3)ILs 
| & 
sania (1) }CLKIN > a ioe 
CLKIN l 
~o¥ (2)5CLKR 


BUTTERWORTH 
FOURTH-ORDER 
LOW-PASS FILTER 


Oo 
pe} 
lana 
pe) 
> 
© 
2 
c. 
a. 
fet 
e) 
a 
° 
= 
© 
c. 
me 
"n 


5V 
(7) TLCO4/TLC14 
Vcc+ LEVEL a 


sii os 
TTL (2)1 CLKR 
CLKR 
OV | 
NONOVERLAPPING 
CLOCK GENERATOR 


(gy | FILTER IN BUTTERWORTH | 51 120 M5) 
a FAS FOURTH-ORDER f—~—— 
: LOW-PASS FILTER ° | 


ig 
-5V 


FIGURE 2. TTL-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION 
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TYPICAL APPLICATION DATA 


5V 
(7) TLCO4/TLC14 ? 
Vcc+ LEVEL 7 
(3)JLs | ” 
Bs 
j a 
Oo 
i a 
: © 
& 
| 2 
t ime 
2 
j 5 
Co 
| oO 
f{ 
FILTER BUTTERWORTH © 
INPUT FOURTH-ORDER [FILTER ! (5) = 
LOW-PASS FILTER | OUT | Q 


Vcc - 


Sie Rey Sy BS Sa 


-5V 


f = 
clock RC x In Veo = Vr— VT+ 
Vec - Vt+/ \VT- 


For Vcc = 10 V, 


; 1 
clock ™ 769 RC 
FIGURE 3. SELF-CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR, DUAL-SUPPLY OPERATION 
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TYPICAL APPLICATION DATA 


+10 V 
(7) TLCO4/TLC14 
Vcoc+ LEVEL 4 


| (3) ILs Jf SHIFT 
a fee 
CMOS > a 


CLKIN | 
OV 
(SEE NOTE A) | 
in eS NONOVERLAPPING 
TTL CLOCK GENERATOR 
CLKR 
se ry 
| 


FILTER IN-AX5-5 Voc eye TER IN BUTTERWORTH | c1 rep | (5) 
(SEE NOTE BI Jisilacno FOURTH-ORDER F-oaF 
LOW-PASS FILTER 
FE 10 k0 (4) 
uF (SEE NOTE C) 


NOTES: A. The external clock used must be of CMOS level because the clock is input to a CMOS Schmitt trigger. 
B. The Filter input signal should be dc-biased to mid-supply or ac-coupled to the terminal. 
C. The AGND terminal must be biased to mid-supply. 


FIGURE 4. EXTERNAL-CLOCK-DRIVEN SINGLE-SUPPLY OPERATION 
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TYPICAL APPLICATION DATA 


I 

(1) ! CLKIN PSs sie | 
(2) ee ae ee cS CLKR | 
| 

NONOVERLAPPING | 

CLOCK GENERATOR } 

: H 

ce ere. FILTER IN Sermesimaciert FILTER | 
| 

l 

is 


+10 V 


~ 
| 
l 
i 
| 
l 
| 
i 
i 
Sl 
£05 
i 
| 
i 
| 
| 
I 
i 
_/ 
Data Acquisition Circuits NN 


a 


OUT 
FOURTH-ORDER 


ee eee LOW-PASS FILTER 
10 kQ (4) 
(SEE NOTE A) 
P 1 
clock ™ 'RC x In (re - VT- VT+4 
Vec - Vt+/ \VT- 


For Vcc = 10 V, 


1 
fclock ™ 7¢9 RG 


NOTE A: The AGND terminal must be biased to mid-supply. 


FIGURE 5. SELF-CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR, 
SINGLE-SUPPLY OPERATION 
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BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW 
SWITCHED-CAPACITOR FILTERS 
TYPICAL APPLICATION DATA 
; 
DT gett wage moe Bes 7-H gs Lg aCe ak UP ot eet het 
= Vcc+ as 
o | | 
4 LEVEL 
re) (3) ILs ; SHIFT | 
4 Ban Rg eg | 
(1) ‘ 
= pers ee | 
@. 
ey | 
7) CLOCK GENERATOR | 
£. 
= FILTER l 
BUTTERWORTH out (5) 


FOURTH-ORDER 
LOW-PASS FILTER 
10 kQ 


-5V 


FIGURE 6. DC OFFSET ADJUSTMENT 
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PRODUCT TLCO820A, TLCO820B 
PREVIEW ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


D2873, SEPTEMBER 1986—REVISED OCTOBER 1986 


Advanced LinCMOS™ Silicon-Gate TLCO820AM, TLCO820BM .. . J OR N PACKAGE 
Technology TLCO820AI, TLCO820BI . . . N PACKAGE 


TLCO820AC, TLCO820BC ... . N PACKAGE 
@ 8-Bit Resolution (TOP VIEW) 2 
®@ Differential Reference Inputs 
@ Parallel Microprocessor Interface = 
@ Conversion Time H 
Write-Read Mode... 0.9 us and 1.1 ys 5 
Read Mode... 2.5 ns Max 
c 
@ No External Clock or Oscillator Components oO 
Required 7 
@ On-Chip Track-and-Hold 2 
: Oo 
@ Low Power Consumption . . . 50 mW Typ TLCO820AM, TLCO820BM . . . FK PACKAGE q{ 
@ Single 5-V Supply TLCO820AlI, TLCO820BI . . . FN PACKAGE s 
TLCO820AC, TLCO820BC ... . FN PACKAGE ~~ 
@® TLCO820B is Direct Replacement for (TOP VIEW) Oo 


National Semiconductor ADCO820B/BC and 


as 
Analog Devices AD7820L/C/U; D es 
TLCO820A is Direct Replacement for es sve 
National Semiconductor ADCO820C/CC and qaQadt>2 
Analog Devices AD7820K/B/T 
D214 18] OFLW 


D305 17] D7 (MSB) 
WRIRDY []6 16[] D6 
MODE f}7 15(} D5 


RDNs 14[] D4 
10 11 
TS 3 
KO ; +10 
2@€2Z2uul 
Ow w 
GCE 


NC—No internal connection 


description 


The TLCO820A and TLCO820B are Advanced LinCMOS™ 8-bit analog-to-digital converters each consisting 
of two 4-bit ‘‘flash’’ converters, a 4-bit digital-to-analog converter, a summing (error) amplifier, control 


logic, and a result latch circuit. The modified ‘‘flash’’ technique allows low-power integrated circuitry to = 
complete an 8-bit conversion in 1.4 microseconds. The on-chip track-and-hold circuit has a 100-nanosecond Lu 
sample window and allows the TLCO820A and TLCO820B to convert continuous analog signals having neo 
slew rates of up to 100 millivolts per microsecond without external sampling components. TTL-compatible > . 
three-state output drivers and two modes of operation allow interfacing to a variety of microprocessors. Lid 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. “3 
The TLCO820AM and TLCO820BM are available in both the N plastic and the J ceramic packages and 
are characterized for operation over the full military temperature range of —55°C to 125°C. The TLCO820AI as 
and TLCO82O0BI are characterized for operation from — 40°C to 85°C. The TLCO820AC and TLCO820BC O 
are characterized for operation from O°C to 70°C. —_ 
5 
Advanced LinCMOS is a trademark of Texas Instruments. ce 
0. 
PRODUCT PREVIEW documents contain information zi Copyright © 1986, Texas Instruments Incorporated 
on products in the formative or design phase of ] 
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functional block diagram 


ee Ai2) 4-BIT FLASH 
ANALOG-TO- 
2 pep AE ae DIGITAL 18) oerw 
aS CONVERTER (2) 
(4 MSBs) DO (LSB) 
4 (3) 
| D1 
tas 
“3 OUTPUT (4) 2 
> vied LATCH 
a | | pieiraL- aa (5) 59 
2 ee TO-ANALOG toms DIGITAL 
c CONVERTER (14) 4 OUTPUTS 
c BUFFERS 
a (15) 
= D5 
= 4-BIT FLASH (18) D6 
ANALOG-TO- es 
2 5 DIGITAL D7 (MSB) 
= rae CONVERTER 
c ANLG IN +1 (4 LSBs) 
~~ 
“ 
7 
MopE +2 
wae 6 
wrepy ~~ TIMING ‘es 
__ (13) AND INT 
cs CONTROL 
__ (8) 
RD 
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PRODUCT = TLCO820A, TLCO820B 
PREVIEW ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG.TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


PIN 
NAME NUMBER DESCRIPTION 
ANLG IN ee input 


2 
3 


In the WRITE-READ mode, the interrupt output, INT, going low indicates that the internal count-down delay time, 


2 


ircuits | 


td(int), is complete and the data result is in the output latch. tg(jnt) is typically 800 ns starting after the rising 
edge of the WR input (see operating characteristics and Figure 3). If RD goes low prior to the end of tq(int), 


INT goes low at the end of typi and the conversion results are available sooner (see Figure 2). INT is reset by the 


Data Acquisition C 


rising edge of either RD or CS. 

Mode-selection input. It is internally tied to GND through a 50-uA current source, which acts like a pull-down 
resistor. 

READ mode: Occurs when this input is low. 

WRITE-READ mode: Occurs when this input is high. 


Normally the OFLW output is a logical high. However, if the analog input is higher than the Vpgr +, OFLW 
will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution (9 
or 10-bits). 

In the WRITE-READ mode with CS low, the 3-state data outputs DO through D7 are activated when RD goes 
low. RD can also be used to increase the conversion speed by reading data prior to the end of the internal 
count-down delay time. As a result, the data transferred to the output latch is latched after the falling edge of RD. 
In the READ mode with CS low, the conversion starts with RD going low. RD also enables the three-state 
data outputs upon completion of the conversion. The RDY output going into the high-impedance state and 
INT going low indicates completion of the conversion. 


This input voltage is placed on the bottom of the resistor ladder. 
This input voltage is placed on the top of the resistor ladder. 
Power supply voitage 


In the WRITE-READ mode with CS low, the conversion is started on the falling edge of the WR input signal. 
The result of the conversion is strobed into the output latch after the internal count-down delay time, tg(jnt), 
provided that the RD input does not go low prior to this time. td(int) is approximately 800 ns. 

In the READ mode, RDY (an open-drain output) will go low after the falling edge of CS, and will go into the 
high-impedance state when the conversion is strobed into the output latch. It is used to simplify the interface 
to a microprocessor system. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLCO820AM TLCO820AlI TLCO820AC UNIT 
TLCO820BM TLCO820BI TLCO820BC 


3 —0.2 to —0.2 to —0.2 to 

Input voltage range, all inputs (see Note 1) Vec+0.2 Vec+0.2 Vec+0.2 
+0.2 to —0.2 to —0.2 to 

Output voltage range, all outputs (see Note 1) Vec +0.2 Veco +0.2 Voc +0.2 


Operating free-air temperature range —55 to 125 —40 to 85 

Storage temperature range | -65 to 150 | -65to 150 | -65to150 | °C | 

Case temperature for 60 seconds: FK package ee ors Serres 

Case temperature for 10 seconds: FN package ER ee a BE SA 
Pere Gasca os 


6 
Lead temperature 1,6 mm (1/16 inch) from case 300 
for 60 seconds: J package 
Lead t t 1,6 mm (1/16 inch) f 
emperature m ( inch) from case 260 260 260 oc 
for 10 seconds: N package 


NOTE 1: All voltages are with respect to network ground terminal, pin 10. 


2 


SHINIIND uonisinboy ejeg 


recommended operating conditions 


TLCO820AM TLCO820AI TLCO820AC 
TLCO820BM TLCO820BI TLCO820BC UNIT 


Analog input voltage =0.1 Vect+0.1 |-0.1 Vce+0.t.-1-0.1 Vec+0.1 
Positive reference voltage, VREF + VREF - Vcc | Vrer- Vec | Vrer- Vec 
2 


‘ 


Delay time from WR to RD in write-read mode, : 
tawrpR (see Figures 2 and 3) . 


voltage, Vip 


Write-pulse duration in write-read mode, tywyw 
(see Figures 2, 3, and 4) 


Operating free-air temperature, Ta — 55 125 | —40 85 


) 
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electrical characteristics over recommended operating free-air temperature range, VCC = 5 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 2 
Any D, INT, Voc = 4.75 V, lon = —360 nA 
VoH High-level output voltage ay CC OH = V 
or OFLW Voc =475V, lon= 100A | 45 se 
Any D, OFLW, A md 
Vv Low-level output volt ao a, V = §.25 V, | = 1.46mA 
Bee eae 5 
lity. ~~ High-level input current WR/RDY ViH = 5V 0.1 3 uA c 
Ce as Re RE i) 
| Low-level input current CS, WRIRDY, V 0) A oO 
-1eV u u ol = 
IL P RD, or MODE IL . 3 
Off-state (high-impedance | Any D or Vo =5V eS RES Bs “ aa 
O7 state) output current __| WRVRDY Mone ee ee | 
i Analog input current pA oc 
Any D, OFLW, INT, a 
Vo = 5YV, Ta = 25°C 7 14 
i : i me WR/RDY NEW tanaen |r Me 
los _  Short-circuit output current mA 
Any D or OFLW Bee REN Tose 
—— Vo = 0, Ta = 25°C 
Erte eee 
icc Supply current | «dS, WRYRDY, and RD at 0 V 7.5 15 | mA | 
| Any digital Beas Seas) 
Cj Input capacitance . pF 
Analog (pin 1 mane Sac 
T All typical values are at Ta = 25°C. 
LL 
> 
e 
0. 
0. 
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ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG.TO-DIGITAL PREVIEW 
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operating characteristics, Vcc = 5 V, VREF+ = 5 V, VREF— = 0, tr = tf = 20 ns, Ta = 25°C 
(unless otherwise noted) 


[ TLCo820A_~«|~~SssTLCOs20B.—~Ct*~*«d’ 
TEST CONDITIO NIT 
PARAMETER a <9 MIN. TYP MAX | MIN TYP MAX |~ 


Supply voltage 
k V =5V + 5% +1/16 +1/4 +1/16 +1/4 | LSB 
SVS sensitivity ce 


Total unadjusted error! | MODE pin atO V 


Read mode 
t MODE pin at O V, See Figure 1 1.6 2.5 s 
convR conversion time [MODE pin st Ov. SeeFowe? | 18 28° 


Internal count- MODE pin at 5 V, Ci = 50 pF, 
talint) ces ss ‘ 800 1300 800 1300 
down delay time See Figures 3 and 4 


; —— : ; tconvR tconvR tconvR tconvR 
t Access time fr RD! | MODE tO V, See F e1 
aR erase mee = +20 +50 +20 +50 pn | 
MODE pin at 5 V, CL = 15 pF 190 280 190 280 


tdWR < td(int)- 
See Figure 2 


MODE pin at 5 V, CL = 15 pF 70 120 70 120 
tdWR > td(int) 


Ci = 100 pF 
penigeon | CTR 
talNT Access time from INT! | MODE pin at 5 V, See Figure 4 


— | RL = 1kQ, CL = 10 pF, 
tdi Disable ti f RD 70 95 70 
See Figures 1, 2, 3, and 5 Pe ons | 
; Delay time from MODE pin at O V, Ci = 50 pF, 
dRDY = FS to RDY! See Figure 1 
: Delay time from Ci. = 50 pF, 
dRIH =——sRDt to INT? See Figures 1, 2, and 3 
Delay time from MODE pin at 5 V, tdwR < td(int)- 
me a 200 290 200 290 
‘dRIL RD to INTL See Figure 2 
Delay time from MODE pin at 5 V, Ci = 50 pF, 
eta aur 175 270 175 270 
‘dWIH WR? to INTT See Figure 4 
Delay to next 
t See Figures 1, 2, 3, and 4 
d(NC) conversion see Fowest.2.9.ena¢ | son | 800 | | 


Siew rate tracking WARN evecees PSE NeREEY pr 


T Total unadjusted error includes offset, full-scale, and linearity errors. 


t Access time from RDJ 
aR — C, = 100 pF 210 320 


Access time from RDJ 
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PRODUCT TLCO820A, TLCO820B 
PREVIEW ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


PARAMETER MEASUREMENT INFORMATION 


| 
Jigen Saeme er Se See 
le—tainic)—> 


oe ge ee 


| 
¢—tconvn—>| ) | 
! 


Fane ae ee tdis 


| 
| ty le— tari tdtint) —D| 
00-07 === === = ee ens weeceee ooo ces : 
| 
triple | tweed € 
pl 1 tuis tle 
FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFORMS 
[MODE PIN HIGH AND tgwr < td(int)! [MODE PIN HIGH AND tgwr > td(int)] 
CS LOW 
RD LOW 
tww 


4 e-tawir jest taines 
fe —tatine —p le talNT 
DATA 
0-07 \——< pars )— 


FIGURE 4. WRITE-READ MODE WAVEFORMS 
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW) 
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TLCO820A, TLCO820B PRODUCT 
ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL PREVIEW 


CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


PARAMETER MEASUREMENT INFORMATION 


of = : : 
TLCO820 
* é tr 
Vcc — — 4 
1 #90% 
o INPUT DATA RD |x 50% 
ct OUTPUT che ioe 
> —PI tdis he ~~ 
rat 1kQ VoH : 
2 DATA 0% 
c. OUTPUTS 
, GND 
, 
© = ty = 20 ns 
a 
= CL = 10 pF 
© 
c. re 
a Vec—-—+4 
wer | #90% 
RD Ix 50% 
DATA GND 110% 
OUTPUT = Sr 
Vcc 
DATA 
OUTPUTS ae nd 
tr = 20 ns 
a 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS 
a © | 
6 
O 
©) 
om 
ms | 
ad 
y. 
= 
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PRODUCT : TLCO820A, TLCO820B 
PREVIEW ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


PRINCIPLES OF OPERATION 


The TLCQ820A and TLCO820B each employ a combination of ‘‘sampled-data’’ comparator techniques and 
‘“‘flash’’ techniques common to many high-speed converters. Two 4-bit ‘’flash’’ analog-to-digital conversions 
are used to give a full 8-bit output. 


The recommended analog input voltage range for conversion is —0.1 V to Vcc +0.1 V. Analog input signals 
that are less than VagF— + % LSB or greater than Vpfr+ — % LSB convert to OOOOO0000 or 11111111 
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails. 
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to 
be varied for ratiometric conversion by changing the VRgf+ and VREF- voltages. 


The device operates in two modes, read (only) and write-read, which are selected by the MODE pin (pin 7). 
The converter is set to the read (only) mode when pin 7 is low. In the read mode, the WR/RDY pin is used 
as an output and is referred to as the ‘‘ready’”’ pin. In this mode, a low on the ‘‘ready’’ pin while CS is low 
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than 
2.5 microseconds later when INT falls and the ‘‘ready’’ pin returns to a high-impedance state. Data outputs 
also change from high-impedance to active states at this time. After the data is read, RD is taken high, INT 
returns high, and the data outputs return to their high-impedance states. 


The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the ‘‘write’’ pin. 
Taking CS and the ‘‘write’’ pin low selects the converter and initiates measurement of the input signal. 
Approximately 600 nanoseconds after the ‘’write’’ pin returns high, the conversion is completed. Conversion 
starts on the rising edge of WR/RDY in the write-read mode. 


The high-order 4-bit ‘‘flash’’ ADC measures the input by means of 16 comparators operating simultaneously. 
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After 
a time delay, a second bank of comparators does a low-order conversion on the analog difference between 
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch 
and are output to the three-state buffers on the falling edge of RD. 
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TLCO820A, TLCO820B | PRODUCT 
ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL PREVIEW 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


TYPICAL APPLICATION DATA 


a 
” 


. SS Fa ae eee Bae 
ES 
= Bp fa 
pel eromeas s 
ORs Be ES eS eae a — 
os MRSS Se BS es Se 
_ eRe Pe ee ARO. 
“Te 6S SS es See = 
Pine 2 SS eee 
cee ES Se 
2. fi ARO st 
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Be We ie Ba 
ee 
iin ae 
0.1 wF 


FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION 
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ADVANCE TLC10, TLE20 


INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 
D2952, AUGUST 1986—REVISED SEPTEMBER 1986 
@ Maximum Clock to Center-Frequency Ratio N DUAL-IN-LINE PACKAGE 
Error (TOP VIEW) 


TLC10... +0.6% 
TLC20... 1.5% 


@ Filter Cutoff Frequency Stability Dependent 


2 


Only on External-Clock Frequency Stability 2 
| 
@ Minimum Filter Response Deviation Due to © 
External Component Variations over Time oO 
and Temperature z 
@ Critical-Frequency Times OQ Factor Range Up oS 
to 200 kHz = 
Critical-Frequency Operation Up to 30 kHz ink Clue indian hawk = 
Designed to be Interchangeable with: (TOP VIEW) a 
National MF10 >: . 
Maxim MF10 > oaaad - 
Linear Technology LTC 1060 raa\ 

3 2 1 2019 


description 1IN- 1) 4 18[] 2NAH 


The TLC10 and TLC20 are monolithic general- TAPIN  & 17 2IN— 
purpose switched-capacitor CMOS filters each SW Ij 6 16[] 2APIN 
containing two independent active-filter Vcc+p? 15] AGND 
sections. Each device facilitates configuration of Vpop+ 8 14U Vcc - 
Butterworth, Bessel, Cauer, or Chebyshev filter 
design. 


LS po 
1CLK FJ 
2CLK 7] 
CF/CL PD 


Vop- U 


Filter features include cutoff frequency stability 
that is dependent only on the external clock 
frequency stability and minimal response 
deviation over time and temperature. Features 
also include a critical-frequency times filter 
quality (Q) factor range of up to 200 kiloHertz. 


With external clock and resistors, each filter 
section can be used independently to produce 
various second-order functions or both sections 
can be cascaded to produce fourth-order 
functions. For functions greater than fourth- 
order, ICs can be cascaded. 


The TLC10 and TLC20 are characterized for 
operation from O°C to 70°C. 


ADVANCE INFORMATION 


ADVANCE INFORMATION documents contain ° Copyright © 1986, Texas Instruments Incorporated 
information on new — in the sampling or ia 
preproduction phase of development. Characteristic TEXAS 


data and other ifications are subject to change 
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POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


2-123 


TLE10,TLC20 ADVANCE 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION 


‘a /O DESCRIPTION 
SS ae anaes 


AGND Analog Ground — The noninverting inputs to the input operational amplifiers of both filter sections. This terminal 

fae should be at ground for dual supplies or at mid-supply level for single-supply operation. 
1APIN All-Pass Inputs — The all-pass input to the summing amplifier of each respective filter section used for all-pass 
2APIN filter applications in configuration modes 1a, 4, 5, and 6. This terminal should be driven from a source having 
an impedance of less than 1 kilohm. In all other modes, this terminal is grounded. See Typical Application Data. 


1BP Band-Pass Outputs — The band-pass output of each respective filter section provides the second-order band- 
2BP pass filter functions. 


CF/CL 12 Center Frequency/Current Limit — This input terminal provides the option to select the input-clock-to-center- 
frequency ratio of 50:1 or 100:1 or to limit the current of the IC. For a 50:1 ratio, the CF/CL terminal is set 
to Vpp +. For a 100:1 ratio, the CF/CL terminal is set to ground for dual supplies or to mid-supply level for 
single-supply operation. For current limiting, the CF/CL terminal is set to Vpp — . This aborts filtering and limits 


the IC current to 0.5 milliamperes. 
Clock Inputs — The clock input to the two-phase nonoverlapping generator of each respective filter section 
is used to generate the center frequency of the complex pole pair second-order function. Both clocks should 
be of the same level (TTL or CMOS) and have duty cycles close to 50%, especially when clock frequencies 
(fclock) greater than 200 kiloHertz are used. At this duty cycle, the operational amplifiers have the maximum 
time to settle while processing analog samples. 


2 
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other clocks) to function with single or dual supplies. For CMOS (+ 5-volt) clocks, Vpp — or ground is applied 
to the LS terminal. For TTL and other clocks, ground is applied to the LS terminal. 

Notch, All-Pass, or High-Pass Outputs. — The output of each respective filter section can be used to provide 
either a second-order notch, all-pass, or high-pass output filter function, depending on circuit configuration. 
Switch Input — This input terminal is used to control internal switches to connect either the AGND input or 
the LP output to one of the inputs of the summing amplifier. The terminal controls both independent filter sections 
and places them in the same configuration simultaneously. If Vcc — is applied to the SW terminal, the AGND 


1NAH 
2NAH = 
input terminal will be connected to one of the inputs of each summing amplifier. If Vcc + is applied to the 


SW 
SW terminal, the LP output will be connected to one of the inputs of the summing amplifier. 


QS ie ee Analog positive supply voltage terminal 
PéuGo= P14 | | Analog negative supply voltage terminal 


oe rs ee Digital positive supply voltage terminal 
PVop-| 13] | Digital negative supply voltage terminal 
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TLC10,TLC20 


UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


functional block diagram 


1CLK 
LS 
CF/CL 


1APIN 


SW 


2CLK 


21N - 


2APIN 


(10) 
$1 
ae 
12 
( ae CONTROL | ae GENERATOR 


BFS Be Fam NONOVERLAPPING 
ae CLOCK GENERATOR 
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TLE10,TLC20 ADVANCE 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Anand suDpIyY VOuede,- VOC + 1608 INOtG- Ti ese ee es es eee Rie a a ee ee ee = We 
Neri) SUIDDNY MOUEMEO MINIS spa arly ree aoa: any. 5 ccm. ay 0 Reno ape aa caagie hs +7 V 
2 Operating free-air temperature.range ..... 2... se Si ee ee 0°C to 70°C 
DEOINGE TEMDOMtutG TONDO 6 65S 5 Wek ake fs oes ONS Me ip ha FS ee Oe -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C 
Gase- temperatire.tor..0- S6GonGs: EN package. <i. 5 ors cg CEG VS a eo cee a ee 260°C 


NOTE 1: All voltage values are with respect to the AGND terminal. 
recommended operating conditions 


Analog supply voltage, VCC +, (see Note 2) te £6 26 


Digital supply voltage, VDD +, (see Note 2) 
Clock frequency, fcigck, (see Note 3) 0.008 1.0 | MHz | 
Operating free-air temperature, Ta 


NOTES: 2. Acommon supply voltage source should be used for the analog and digital supply voltages. Although each has separate terminals, 
they are connected together internally at the substrate. Vcc + and Vpp + can be connected together at the device terminals 
or at the supply voltage source. The same is true for Vcc— and Vpp-. 

3. Both input clocks should be of the same level type (TTL or CMOS), and their duty cycles should be at 50% above 200 kHz 
to allow the operational amplifiers the maximum time to settle while processing analog samples. 
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electrical characteristics at VCC + = +5V,Vpp+ + = +5V, Ta = 25°C (unless otherwise noted) 


TLC10 TLC20 
PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT 
Maximum peak-to-peak output 
Vopp ; Ri = 3.5 kQ at all outputs +4 +4.1 +3.8 +3.9 Vv 
voltage swing 


Short-circuit output 


| ce ee RES Sisco 
OS current, Pins 3 and 18 [ Sink | seer GEES 


NOTE 4: The short-circuit output current for pins 1, 2, 19, and 20 will be typically the same as pins 3 and 18. 


operating characteristics at VCC + = +5 V, Vpp+ = +5V, Ta = 25°C (unless otherwise noted) 


PARAMETE TEST CONDITION : 


Br ic eee 
See Note 3 1 1.5 
frequency, folock 
Clock to center-frequency | fo < 5 kHz, R3/R2 = 10,|Pin12 at5V |49.64 49.94 50.24 
Temperature coefficient of | fp < 5 kHz, R3/R2 = 20, +10 ss 
Mode 1, __See Figure 1 = 100 soe 
Filter Q (quality factor) fo < 5 kHz, R3/R2 = 20,|Pin 12 at5V__ +2% +4% 
Mode 1, _See Figure 1 
Temperature coefficient of | fg < 5 kHz, R3/R2 = 20, 
Low-pass output deviation | R1 = R2 = 10 kQ 


SSP ee eo ee eet 
Ie Se ae 
Operational amplifier 
ona ee emees 
Operational amplifier 

ae eee eee 
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ADVANCE TLC10,TLC20 
INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


modes of operation 


2 


The TLC10 and TLC20 are switched-capacitor (sampled-data) filters that closely approximate continuous 
filters. Each filter section is designed to approximate the response of a second-order variable filter. When 


the sampling frequency is much larger than the frequency band of interest, the sampled-data filter is a 2 
good approximation to its continuous time equivalent. In the case of the TLC10 and TLC20, the ratio is rs 
about 50:1 or 100:1. To fully describe their transfer function, a time domain approach would be appropriate. = 
Since this may appear cumbersome, the following application examples are based on the well known © 
frequency domain. It should be noted that in order to obtain the actual filter response, the filter’s response c 
must be examined in the z-domain. AS) 
fclock ow 
= % TLC10, TLC20 = 
oy 
Oo 
<6 
is} 
rer) 
© 
a 
NOTCH OUT 
BAND-PASS OUT 
LOW-PASS OUT 
Oo 
fo = folock/100 or felock/50 pene 
fnotch = fo <q 
Hotp = —R2/R1 (as f > O) 
Hopp = —R3/R1 (at f = fo) => 
_ as f approaches O —R2/R1 oc 
HON = notch gain tes f approaches 0.5 felock oO 
Q = f>/BW = R3/R2 rd 
Circuit dynamics: a 
The following expressions determine the swing at each output as a function of the desired Q of the second-order function. pee 
Ho_p = Hopp/Q or Ho_p X Q = HON x AQ Lu 
Hop (peak) = Q x Ho_p (for high Qs) S) 
FIGURE 1. MODE 1 FOR NOTCH, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch = fo Pad 
T 4 
EXAS 2-127 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


NOILVINYOSNI AODNVACV 


SHINIIID uonisinboy ejeg ro 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 

4 


TLO10,TLE20 ADVANCE 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION 


TYPICAL APPLICATION DATA 


fclock % TLC10, TLC20 


NONOVERLAPPING 
CLOCK GENERATOR 


NONINVERTING 
BAND-PASS OUT (BP2) 


BAND-PASS OUT (BP 1) 


LOW-PASS OUT 


Q = R3/R2 

Hoitp = -1 Hop (peak) = Q x Ho tp (for high Qs) 

Hopgp1 = —R3/R2 

Hopp2 = 1 (noninverting) 

Circuit dynamics: 

Hospi = Q 
FIGURE 2. MODE 1a FOR NONINVERTING BAND-PASS AND LOW-PASS OUTPUTS 
% 
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ADVANCE TLO10,TLC20 
INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


f 
clock % TLC10, TLC20 


2 


” 
= 
a | 
© 
— 
NOTCH OUT Ss) 
¢ 
2 
BAND-PASS OUT a7) 
_ 
Co 
© 
= § 
se] 
LOW-PASS OUT ad 
& 
Q 
fnotch = felock/100 or felock/50 
9 . VRaRa 
% R2/R3 
H (as f approaches O) = ee 
OLP - ~ RQIR4 + 1 
Hopp (at f = fo) = —R3/R1 
ON1 (as f approaches 0) = >> =o —— > 
Honz2 (as f approaches 0.5 foiock) = —R2/R1 ‘@) 
2 
Circuit dynamics: hom 
Hopp = © yHotp x Hon2 = O Hon x Hon2 C< 
FIGURE 3. MODE 2 FOR NOTCH 2, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch { fo = 
LL. 
= 
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TLO10,TLC20 ADVANCE 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION 


TYPICAL APPLICATION DATA 


% TLC10, TLC20 


~h 
o 
°o 
oO 
Ya 


NOTCH OUT 


BAND-PASS OUT 


LOW-PASS OUT 


S}HINDIND uoisinboy ejeg 


| 
R4 | 


ARet 
| 
| 

ea | 


Q= yR2IR4 x R3/R2 


Houp (as f approaches 0.5 feigck) = —R2/R1 
Ho_p (as f approaches 0) = —R4/R1 
Hopp (at f = fo) = —R3/R1 


Circuit dynamics: 


R2/R4 = HoHp/Hotp: Hopp = ¥HouP = Hoip x Q 


Hoip (peak) = Q x Ho ip (for high Qs) 
Houp (peak) = Q x Hopp (for high Qs) 


Tin this mode, the feedback loop is closed around the input summing amplifier; the finite GBW product of this operational amplifier will 
cause a slight Q enhancement. If this is a problem, connect a low-value capacitor (10 pF to 100 pF) across R4 to provide some phase lead. 


FIGURE 4. MODE 3 FOR HIGH-PASS, BAND-PASS, AND LOW-PASS OUTPUTS 


NOILVINYOANI JONVACGV 


TEXAS 4 


=e INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADVANCE TLC10,TLE20 
INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


fclock 


% TLC10, TLC20 


2 


“ 
b= 
a 
O 
— 
O 
Cc 
2 
BAND-PASS OUT - 
9D 
Rh =) 
EXTERNAL Ce 
OPERATIONAL 1S) 
> AMPLIFIER q 
NOTCH OUT 
© 
ed) 
5°) 
R4 Q 
LOW-PASS OUT 
Q = JR2/R4 x R3/R2 
HoHp = —R2/R1 
Hopp = —R3/R1 
Ho_p = —R4/R1 
fnotch = (felock/100 or folock/50) VRh/Ri 
Hon (at f = fo) = | Q (Rg/Ri x Ho_p — Rg/Rh x HOHP) | 
Hon1 (as f approaches 0) = Rg/Ri x Ho_p 
Honz2 (as f approaches 0.5 fcigck) = —Rg/Rh x HOHP 
FIGURE 5. MODE 3a FOR HIGH-PASS, BAND-PASS, LOW-PASS, AND 
NOTCH OUTPUTS WITH EXTERNAL OPERATIONAL AMPLIFIER S 
q 
5 
LL. 
2 
Lid 
O 
S 
a 
Texas 
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TLO10,TLC20 ADVANCE 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION 


TYPICAL APPLICATION DATA 


fclock % TLC10, TLC20 


NO 


ALL-PASS OUT 


BAND-PASS OUT 


LOW-PASS OUT 
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Q = fo/BW = R3/R2 


Hoap (atO < f = 0.5 fojgck) = —R2/R1 = —-1 
(for AP output R1 = R2) 

Hop (as f approaches 0) = —(R2/R1 + 1) = -—2 
> Hopp (at f = fo) = —R3/R2 (R2/R1 + 1) = —2 (R3/R2) 
Oo Circuit dynamics: 
< Hopp = Hoip X O = (Hoap + 1) Q 
> TDue to the sampled-data nature of the filter, a slight mismatch of fz and fg occurs causing a 0.4-dB peaking around fp of the all-pass 
Pa filter amplitude response (which theoretically should be a straight line). If this is unacceptable, Mode 5 is recommended. 
iy FIGURE 6. MODE 4 FOR ALL-PASS, BAND-PASS, AND LOW-PASS OUTPUTS 
rm 
Eee 
fe 
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ADVANCE — TLC10,TLC20 
INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


f 
clock % TLC10, TLC20 


Vi 


2 


2) 
a 
=} 
O 
.— 
COMPLEX ZERO OUT © 
Cc 
2 
BAND-PASS OUT 0 
=| 
Co 
oO 
<< 
Wo] 
LOW-PASS OUT 4 
a) 
fo = VR2/R4 + 1x (felock/100 or felock/50) 
fz = V1 — R1/R4 x (felock/100 or felock/50) 
Q = JR2/R4 + 1 x R3/R2 
Q, = V1 — R1/R4 x R3/R1 
Hoz1 (as f approaches 0) = R2 (R4 — R1)/R1 (R2 + R4) 
Hoz2 (as f approaches 0.5 fojgck) = R2/R1 
Hopp = (R2/R1 + 1) x R3/R2 
Ho_p = (R2 + R1)/(R2 + R4) x R4/R1 
FIGURE 7. MODE 5 FOR NUMERATOR COMPLEX ZEROS, BAND-PASS, AND LOW-PASS OUTPUTS S 
< 
S 
Li. 
< 
Lid 
O 
a 
< 
7 4 
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TLC10,TLC20 ADVANCE 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION 


TYPICAL APPLICATION DATA 


f 
clock Y% TLC10, TLC20 
ese | 


HIGH-PASS OUT 


LOW-PASS OUT 
(INVERTED) 


fc = R2/R3 (felock/100 or felock/50) 
Ho_p = —R3/R1 
HoHp = —R2/R1 


FIGURE 8. MODE 6 FOR SINGLE-POLE HIGH-PASS AND LOW-PASS OUTPUT 
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ADVANCE TLC10,TLE20 
INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


TYPICAL APPLICATION DATA 


% TLC10, TLC20 


LOW-PASS OUT 
(NONINVERTED) 


LOW-PASS OUT 
(INVERTED) 


HOLP1 = 1 (noninverting) 
Ho_p2 = —R3/R2 


FIGURE 9. MODE 6a FOR SINGLE-POLE LOW-PASS OUTPUT (INVERTED AND NONINVERTED) 
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TLC10,TLE20 ADVANCE 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION 


TYPICAL APPLICATION DATA 


5V 
TLC10, TLC20 


2 


ses LOW-PASS 
‘ A 
9 CC + OUTPUT 
= 
® 200-kHz 
> TTL CLOCK 
2 1CLK 
e CENTER FREQ/ 
an CURRENT LIMIT 
= CONTROL 
roy INPUT 1APIN 
= 2APIN 
2 1IN — 
e 2IN - 
o Vec- = 100 ko 
| = 100 ko 
-5V = 53.6 k0 
= 130 kQ 


FIGURE 10. FOURTH-ORDER 2-kHz LOW-PASS BUTTERWORTH FILTER 


filter terminology 


fo The cutoff frequency of the low-pass or high-pass filter output 

felock The input clock frequency to the device 

fnotch = The notch frequency of the notch output 

fo The center frequency of the complex pole pair second-order function 

fz The center frequency of the complex zero pair 

HOBP The band-pass output voltage gain (V/V) at the band-pass center frequency 
HOHP The high-pass output voltage gain (V/V) as the frequency approaches 0.5 fcigck 


> HOLP The low-pass output voltage gain (V/V) as the frequency approaches O 
HON The notch output voltage gain (V/V) at the notch frequency 
< HON1 The low-side notch output voltage gain as the frequency approaches O 
> HON2 The high-side notch output voltage gain as the frequency approaches 0.5 fciock 
a HOZ1 Gain at complex zero output (as f ~ O Hz) 
QO Hoz2 Gain at complex zero output (as f approaches 0.5 feigck) 
rT The quality factor of the complex pole pair second-order function. Q is the ratio of fp to 
Ras’ the 3-dB bandwidth of the band-pass output. The value of QO also affects the possible 
a peaking of the low-pass and high-pass outputs. 
"Tl Qz The quality factor of the complex zero pair, if such a complex pair exists. This parameter is 
O used when an all-pass filter output is desired. 
2 
= 
= 
T 4 
2-136 EXAS 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADVANCE — JFLC10,TLC20 
INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 


Hopp . fH — fL 


=i 12 
0.707 Hopp fl = fo (—— + a) S ) 


GAIN (V/V) 


(@) 

H} 

F 

3] 
Data Acquisition Circuits - 


fl fo fH 
f (LOG SCALE) 
FIGURE 11. BAND-PASS OUTPUT 
Hop 
> HoLp fe.= 
= 0.707 H 
— OLP 1 
fp =fp /1- —s 
o lien 202 
Hop = Hoip x ; 
—J1--> 
Q 402 
f (LOG SCALE) 


FIGURE 12. LOW-PASS OUTPUT 


Hop 

> HOHP af x 1 + 

> 

z 0.707 Honp 

1 
Hop = Houp x 7. eo 
—/~1-"-—— 
Q 402 
fc fp 
f (LOG SCALE) 


FIGURE 13. HIGH-PASS OUTPUT 
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TLC532AM, TLC532Al, TLC533AM, TLC533Al 


LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 


WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


D2819, NOVEMBER 1983—REVISED SEPTEMBER 1986 


@ LinCMOS™ Technology N DUAL-IN-LINE PACKAGE 
@ 8-Bit Resolution i Segeeaiek 
@ Total Unadjusted Error... +0.5 LSB Max REF— [fr 2a] REF + (A1) = 
GND [(]j2 271} Vcc 
@ Ratiometric Conversion 2-1(msB) [13  ~—-2e6f ] AO 
ss ” 
@ Access Plus Conversion Time: 2 e Ly4 5 A2 | anno = 
TLC532A ... 15 us Max 0 277 ee -4EAS Pe puts 3 
TLC533A ...30 ws Max DATA 2 {6 23|] A4 BR 
pire 2=S'Ti7» 2aF AS ) 
@ 3-State, Bidirectional |/O Data Bus 2-6 [1s 211] A10/D1 = 
@ 5 Analog and 6 Dual-Purpose Inputs 2~7[J9 20} A11/02_ | anatog -& 
2-8 (LSB) [j10 = 19, ] A12/D3 DIGITAL ae 
® On-Chip 12-Channel Analog Multiplexer READ/WRITE (R/W) []11_ 187] A13/D4 peas = 
@ Three On-Chip 16-Bit Data Registers OS PEN Es. 1 eee S 
REGISTER SELECT (RS) []13. 161] A15/D6 o 
@ Software Compatible with Larger TL530 and CHIP SELECT (CS) []14 —_-15[-] RESET (R) < 
TL531 (21-Input Versions) & 
; eer © 
@ On-Chip Sample-and-Hold Circuit FN CHIP CARRIER PACKAGE Q 
@ Single 5-V Supply Operation (TOP VIEW) 
@ Low Power Consumption . . . 6.5 mW Typ = x 
= = 
@ Improved Direct Replacements for Texas N- OQ a ng O 
Instruments TL532 and TL533, National in ie aoe 
Semiconductor ADCO829, and Motorola Sooo 
MC14442 Re rae 
2-3f}5 A2 
description 2-4f6 A3 
pete 2-57 A4 
The TLC532A and TLC533A are monolithic _6 
: . ; ae 2 | 8 A5 
LinCMOS™ peripheral integrated circuits each 9-7fi9 A10/D1 
designed to interface a microprocessor for 9-8 (LSB) 110 A11/D2 
analog data acquisition. These devices are Riwh)11 A12/D3 
complete peripheral data acquisition systems on 1213 1415 161718 
a single chip and can convert analog signals to we Trae Fase 
digital data from up to 11 external analog +o eS es 
terminals. Each device features operation from i a as 
a single 5-volt supply. Each contains a at ge 
12-channel analog multiplexer, an 8-bit 
ratiometric analog-to-digital (A/D) converter, a FUNCTION TABLE 
sample-and-hold, three 16-bit registers, and 
microprocessor-compatible control circuitry. RW | RS| CS | R | CLK | DESCRIPTION 
Additional features include a built-in self-test, six x |x! x Reset 
multipurpose (analog or digital) inputs, five Write bus data to control 
external analog inputs, and an 8-pin input/output register 
(I/O) data port. The three on-chip data registers Read data from analog 
store the control data, the conversion results, conversion register 
and the input digital data that can be accesssed Read data from ditigal 
via the microprocessor data bus in two 8-bit data register 
bytes (most-significant byte first). In this No response 
manner, a microprocessor can access up to 11 : 
external analog inputs or 6 digital signals and the Be Sir ierel, > = LOSeaee > = VA 
ey + = High-to-low transition, t = Low-to-high transition 
positive reference voltage that may be used for TFor proper operation, Reset must be low for at least three clock cycles. 
self-test. LinCMOS is a trademark of Texas Instruments. 
PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
Mecciat sncitety. Veodseten.presvising deen ost TEXAS 2-139 
stan . as 
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TLC532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


description (continued) 


2 


S}INDIID) UOHISINbDOY e1eEG 


The A/D conversion uses the successive-approximation technique and switched-capacitor circuitry. This 
method eliminates the possibility of missing codes, nonmonotonicity, and a need for zero or full-scale 
adjustment. Any one of 11 analog inputs (or self-test) can be converted to an 8-bit digital word and stored 
in 10 microseconds (TLC532A) or 20 microseconds (TLC533A) after instructions from the microprocessor 
have been recognized. The on-chip sample-and-hold functions automatically to minimize errors due to noise 
on the analog inputs. Furthermore, differential high-impedance reference inputs are available to help isolate 
the analog circuitry from the logic and supply noises while easing ratiometric conversion and scaling. 


The TLC532AM and TLC533AM are available in both the N and FN plastic packages and are characterized 
for operation from —55°C to 125°C. The TLC532AI and TLC533AlI are characterized for operation from 
—40°C to 85°C. 


functional description 


The TLC532A and TLC533A provide direct interface to a microprocessor-based system. Control of the 
TLC532A and TLC533A is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs 
(Read/Write, Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal 
registers. These registers are the control register, the analog conversion data register, and the digital data 
register. 


A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 


The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six dual-purpose inputs. 


Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 


Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 
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TLC532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


functional description (continued) 


A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion (SC) bit is a logic high. This two-byte instruction also selects the input analog channel to be 
converted. The status (EOC) bit in the analog conversion data register is reset and it remains reset until 
the conversion is completed, at that time the status bit is then set again. After conversion, the results 


2 


are loaded into the analog conversion data register. These results remain in the analog conversion data 2 
register until the next conversion cylce is completed. If a new conversion command is entered into the = 
control register while the conversion cycle is in progress, the on-going conversion will be aborted and a — 
new channel acquisition cycle will immediately begin. © 
The Reset input allows the device to be externally forced to a known state. When a low level is applied = 
to the Reset input for a minimum of three clock periods, the start conversion bit is cleared. The A/D converter 
is then idled and all the outputs are placed in the high-impedance off-state. However, the content of the a) 
analog conversion data register is not affected by the Reset input going to a low level. = 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. a 
i] 
dod 
a 
DATA BUS 8 
(2-8 — 2-1) 
RW 
a DATA 
cs BUS 
RS CONTROL 
= LOGIC 
R 8 
CLOCK 


ANALOG 
CONVERSION 


CONTROL 
REGISTER 
(WRITE ONLY) 


DIGITAL DATA 
REGISTER 
(READ ONLY) 


REGISTER 
(READ ONLY) 


ANALOG MUX 


ANALOG/DIGITAL ADDRESS 


INPUT 6 
(A10/D1 — A15/D6) 


8-BIT 


EXTERNAL ANALOG 5 12-CHANNEL ANALOG-TO-DIGITAL 
INPUT MULTIPLEXER CONVERTER 
(AO, A2 — A5) (SWITCHED-CAPACITORS) 
REF+ 
REF— 
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1 2 3 1 2 3 4 5 6 289 290 
oe LLLP La 
| ' ! 
START CONVERSION CYCLE Fitas ! | 
t+} 
SRI I WR le aes a IF SC BIT IS LOGIC ONE (HIGH) | | 
= | | | ! 
iene fae "Pe alae ates Meee ee CYCLE | 
WRITE 


1 | | l 
tsuay> if : 


WEILL OL 8% 
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| 
| 
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I 
| 
{ 
l 
| 
| 
| 
| 
| 
| 
| 
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| 
tsu(a)>| Het | ie tsul) | 


RS 


00d 
Veeeeeeereseveeee 


yetsu 


| > tito 
MS OLS’ is Ls Ls Ls incu 
BYTE BYTE BYTE BYTE BYTE BYTE BYTE | | BYTE BYTE BYTE BYTE 
DATA HI-Z STATE HI-Z STATE 
BUS c : # HZ 
STATE STATE |STATE4 STATE ASTATEA STATE STATE STA TATE) STATE |ctare| STATE 
. ‘ , i SEE NOTE C SEE NOTE C Rlgpan NOTE Kor P x . | 
SEE NOTE A SEE NOTE B SEE NOTE D SEE NOTE F SEE NOTE A 
NOTES: A. This is a 16-bit input instruction from the microprocessor being sent to the control data register. 
B. This is the 2-byte (16-bit) content of the digital data register being sent to the microprocessor. 
C. This is the LS byte (8-bit) content of the analog conversion data register being sent to the microprocessor. 
D. This is the LS byte (8-bit) content of the digital data register being sent to the microprocessor. 
E. These are MS byte (8-bit), LS byte (8-bit), and LS byte (8-bit) content of the analog conversion data register or digital data 
register being sent to the microprocessor. 
F. This is the 2-byte (16-bit) content of the analog conversion data register being sent to the microprocessor. 
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TLC532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


read or write cycle time sequence 


tricLk)-| je ->| fe teicLk) CLOCK #1 CLOCK #10 28 
3 


| | 1 
| ' 1 
= | ! | r | 
R | ! l lq— START ; | END 
(See Note A) tsu(a)—> le 1 CONVERSION CONVE RSION 
CONTROL | 


| 
“aX KKK KXKRRREKE 


*su(CS)—o wa 


ae mae 
ae ee 


Data Acquisition Circuits iN 


DATA BUS 
DATA OUT 
(“READ”) 


— — Me — —] — 


—>| |*tais —>| |*-tais 
tsu(bus)—>| \e— - I tsu (bus) 


DATA BUS 
DATA IN 
(“WRITE”) 


th(bus) >| [¢— —>| [¢ thibus) 
] 
a deo 


NOTES: A. The reset pulse (R low) is required only during power-up. 
B. The most-significant byte output of Data Out occurs when CLK is high. When CLK is low, Data Out is in the high-impedance 
(off) state. When CLK goes high again, the least-significant byte is placed on the data bus. At this point, the least-significant 
byte will remain on the bus for as long as CLK is kept high. 
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TLC532AM, TLC532Al, TLE533AM, TLO533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


DATA BUS 
iso ek ere. 9-4, 9-6. 9-8: 3-7.) 928 het De Sak ee Ge Be Sk ME Lp oe a ee fot) 


2 


MOST-SIGNIFICANT BYTE 


AVRRE MEIER FS. LEAST-SIGNIFICANT BYTE 


16-BIT WRITE 


Unused Bits (X)— The MS byte bits 2~ 1 through 2 ~7 and LS byte bits 2~ 1 through 2 —4 of the control register are not used internally. 

Start Conversion (SC)— When the SC bit in the MS byte is set to a logical 1 (high level), analog-to-digital conversion of the specified analog channel 
will begin immediately after the completion of the control register write. 

Analog Multliplex Address (AO-A3)— These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 

shown below: 


Hexadecimal Address (A3 = MSB) Channel Select 
0 AO 
1 REF + (A1) 
2-5 A2-A5 
6-9 (not used) 
A-F A10-A15 


FIGURE 1. CONTROL REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 


s}INosID uoijisinboy eleg 


DATA BUS 
LINES 2-1 = = 2-4 2-5 - 


2-8 g=1) grid gad go8. BS 8 228.9 Fs oS 
EOC 0 R7 R3 R2 R1 RO 
(MSB) (LSB)} |(MSB) (LSB) 
MOST-SIGNIFICANT BYTE |¢——______LEAST-SIGNIFICANT BYTE 


8-BIT READ 


16-BIT READ 


A/D Status (EOC)— The A/D status end-of-conversion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed by the A/D converter. 
The status bit is cleared by a 16-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data register are always reset to logical O to simplify microprocessor interrogation of the A/D converter status. 

A/D Result (RO-R7)— The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog voltage. There are no special overflow 
or underflow indications. 


FIGURE 2. ANALOG CONVERSION DATA REGISTER ONE-BYTE AND 
TWO-BYTE READ WORD FORMAT AND CONTENT 


BN ee ey 1 at ae an Coa ea tt 
Al AO x x x x x x 
(MSB) (LSB) 


LEAST-SIGNIFICANT BYTE 


DATA BUS 
LINES 2-1 “ =; 2. 97% = 


A15 Al4 | A113 A12 | A111 A10 
/D1 
tie (LSB) 


MOST-SIGNIFICANT BYTE 


8-BIT READ 
16-BIT READ 


Shared Digital Port (A10/D1-A15/D6)— The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 
bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 

Analog Multiplexer Address (AO-A3)— The address of the selected analog channel presently addressed is given by these bits. 

Unused Bits (X)— LS byte bits 2—3 through 2 —8 of the digital data register are not used. 


FIGURE 3. DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 
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TLC532AM, TLC532Al, TLC533AM, TLC533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supoly voltae, Ver (see MOle lo cic ure ek ws coke ae ee he eee -0.3 V to 6.5 V 
Input voltage range: Positive reference voltage.................000-- VREF-— to Vcc + 0.3 V 2 
Negative reterence voltage. .:... ire a ee eee —0.3.-V to VREF + 
A Ma Re MARU RAS 3 cya ye ee le oe kale aor -0:3 V to Vec + 0:3 ¥ 
RENEE: CLIN PGIIE, Bh Pe UV APRRIUER os 2 = Wook vcces oo woe ne Se LR ce IE eee ah eee eateee +10 mA 2 
TASCEN- Wn CUNT GEE HOU MIIDUILG) Uo. oy -ccioe 5. Neve. ewetare GS aus pares Sem es bi os eee oe +20 mA = 
Operating free-air temperature range: TLC532AM, TLC533AM .............. —- 655°C to, f2aen £ 
TERR SZAE PaO, ie iiieie se walsh ow oars — 40°C to 85°C © 
tOkeGe TONiet atte Pang os wi cei wee ee es ha eet ae em ara et Ree —65°C to 150°C c 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C oO 
Case-temperauire tor 10) Seconds: Fi DeCKGGe «= fo) < oc sw winybate che els lucege ocd ocala 260°C i= 
NOTE 1: All voltage values are with respect to network ground terminal. = 
recommended operating conditions g 
© 
wee 
: | 
Differential reference voltage, VaeF + — VREF- 
High-level input voltage, VjH 5 
[ow level input voltage, Vit Se ee ee 
Clock frequency, fcLK : . ‘ 0.1 1.048 1.06 | MHz 
Address (R/W and RS) setup time, tgy(A) 145 | ns | 
Data bus input setup time, tsgy(bus) 185 |. ASO 
Control (R/W, RS, and CS) hold time, thc) | ns | 
pits tes ieuttoldtne, tbe 
[Pulse duration of control during read, twig) ‘| 308 —SCS~CSSSSCSCSC~d CC 
: Clock 
[Pulse duration of clock high, twHicuk) SiO SSCSC~—SSSSSCSC~SC~SY CC 
Pulse duration of clock low, twL(CLK) oe 
ee 
| ns 
Operating free-air 
temperature, Ta 
NOTE 2: Analog input voltages greater than or equal to that applied to the REF + terminal convert to all ones (11111111), while input 
voltages equal to or less than that applied to the REF — terminal convert to all zeros (QOOOOOO0O). For proper operation, the positive 
reference voltage, VpReF +, must be at least 1-volt greater than the negative reference voltage, Vpgrf—. In addition, unadjusted 
errors may increase as the differential reference voltage, VRgF+ — VREF-—, falls below 4.75 volts. 
wg 
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TLC532AM, TLC532Al | 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


electrical characteristics over recommended operating free-air temperature range, VREF+ = VCC, 
VREF— at ground, fCLK = 2 MHz (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP’ MAX | UNIT 
VOH High-level output voltage lIoOH = —1.6 mA 
OL ers ae 


Zz 


V low-level output voltage lol = 1.6 mA Fs ee 
High-level Any digital or Clock input 
NH x — . ViIH = 5.5 V nA 
input current Any control input Pos See Si aa 
Low-level Any digital or Clock input pee eS 
NHL Vie, pA 
input current Any control input ei ees 
Off-state (high impedance-state) Vo=Vcc Saas Ss 
loz uA 
I Analog input current (see Note 3) Vi; = Oto Vcc 
Leakage current between selected channel Vi = Y to Vcc, wie x 
and all other analog channels Clock input at O V 
Digital pins 3 thru 10 ee ey Bars 
* Input capacitance Lbigitalpins 3 thru 10 | : 
Any other input pin i 


Vec = V = 5.5 V, 
lcc+!ReF+ Supply current plus reference current ce REET 


Outputs open 
Vcc = 5.5 V 


SJINDID uolsinboy ejleg 


lec Supply current 


NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 


operating characteristics over recommended operating free-air temperature range, VREF+ = VCC. 
VREF-— at ground, fCLK = 2 MHz (unless otherwise noted) 


MIN TYP MAX 
iB 


: Conversion time (including 
cect channel acquisition time) 
tacq Channel acquisition time prior to starting conversion ee ee 


ten Data output enable time (see Note 8) CL = 50 pF, Ri = 3 kQ, Se ee eee at 
tdis Data output disable time CL = 50 pF, RL = 3k0 Be eS eee 
c iaee meee 


Data bus output | High-im edance to high-level 

tr(bus) Pale 3 : = : L = 50 pF, RL = 3 k2 
rise time Low to high-level 
Data bus output | High-impedance to low-level 

tf(bus) : oe el ee bs C; = 60'pF, Ru = 3 kf 
fall time High to low-level 


TTypical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 4. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 
5. Zero error is the difference between O0O000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. 
This includes all errors including inherent quantization error, which is the +0.5 LSB uncertainty caused by the A/D converters 
finite resolution. 
8. If chip-select setup time, tgy(Cs), is less than 0.14 microseconds, the effective data output enable time, ten, may extend 
such that tsy(CS) + ten is equal to.a maximum of 0.475 microseconds. 
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TLO533AM, TLO533Al 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 


electrical characteristics over recommended ranges VCC. VREF +, and operating free-air temperature, 
VREF-— at ground, fCLK = 1.048 MHz (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
VOH High-level output voltage IoOH = —1.6 mA 
VOL Low-level output voltage lo. = 1.6 mA 


2 


High-level Any digital or Clock input See arenes a 2 
NH aa ViIH = 5.5 V uA — 
input current Any control input Bertie se 2 
Low-level Any digital or Clock input DY Ate 5 ci ae ne 
NL ; vim Q pA ey 
input current Any control input ees > Oo 
Off-state (high impedance-state) Vo=Vcc c 
lOz = pA ro) 
I Analog input current (see Note 3) Vi = Oto Vcc "D 
Leakage current between selected channel Vi; = Oto Vcc, ‘= 
y ae betes: +400 | nA | 
and all other analog channels Clock input at O V lox 
: eee Digital pins 3 thru 10 ae 
; nput capacitance 
| pees Any other input pin é 
lcc+!ReF+ Supply current plus reference current i eal 2 emer 1.3 3 | mA o 
Outputs open Q 
NOTE 3: Analog input current is an average of.the current flowing into a selected analog channel input during one full conversion cycle. 
operating characteristics over recommended ranges VCC. VREF +, and operating free-air temperature, 
VREF— at ground, fclock = 1.048 MHz (unless otherwise noted) 
Total unadjusted eror is 
is 
; Conversion time (including 40 
ct channel acquisition time) 
tacq Channel acquisition time prior to starting a 10 
ten Data output enable time (see Note 8) Ci = 50 pF, Ry = 3 kQ, 
tdis Data output disable time C_ = 50 pF, Ry = 3 kQ 10 
Data bus output | High-impedance to high-level 
Se(Duss) . Cy = 50 pF, Ri = 3 kd 
rise time Low to high-level 
ttb s) Data bus output | High-impedance to low-level C 50 oF. R 3ko 
u ie = 
fall time High to low-level L TB 
tTypical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 4. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 
5. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. 
This includes all errors including inherent quantization error, which is the + 0.5 LSB uncertainty caused by the A/D converters 
finite resolution. 
8. If chip-select setup time, tsy(Cs), is less than 0.14 microseconds, the effective data output enable time, ten, May extend 
such that tsy(CS) + ten is equal to a maximum of 0.475 microseconds. 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


D2799, OCTOBER 1983—REVISED DECEMBER 1985 


LinCMOS™ Technology N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 
8-Bit Resolution A/D Converter 
INPUT AO L]1 VCC 
@ Microprocessor Peripheral or Stand-Alone INPUT A1 [12 SYSTEM CLOCK 2 
Operation INPUT A2(]3_-18[] 1/0 CLOCK 
@ On-Chip 12-Channel Analog Multiplexer INPUT A3 []4 171] ADDRESS INPUT 2 
INPUT A4 []5 DATA OUT | 
@® Built-In Self-Test Mode INPUT A5 [ |6 cs 4 
@ Software-Controllable Sample and Hold INPUT A6 L]7 REF + Oo 
INPUT A7 L]8 —13,_} REF — c 
@ Total Unadjusted Error... +0.5 LSB Max INPUT A8 []9 INPUT A10 Ao) 
® TLC541 is Direct Replacement for Motorola GND []!0 INPUT A9 = 
MC145040 and National Semiconductor ‘5 
ADC0811. TLC540 is Capable of Higher EN CHIP: CARRIER PACKAGE oT 
Speed (TOP VIEW) g 
@ Pinout and Control Signals Compatible with s & 
TLC1540 Family of 10-Bit A/D Converters a fs) 
Ne Oo OQ 
<<< Ss 
gas 
Channel Acquisition Sample Time BO. = a 
Conversion Time 2£22>5>n 
Samples per Second ee ee 
Power Dissipation aes 
Big INPUT A3 [] 4 18 (| /0 CLOCK 
description INPUT A4[] 5 17[] DATA IN 
The TLC540 and TLC541 are LinCMOS™ A/D INPUT AS |] 6 on Rca 
peripherals built around an 8-bit switched- INPUT A6 1) 7 1s CS 
capacitor successive-approximation A/D INPUT A71]8 14] REF + 
converter. They are designed for serial interface 10 
to a microprocessor or peripheral via a three- 0 AneiO: | 
state output with up to four control inputs er se var 
[including independent System Clock, I/O Clock, = le 
Chip Select (CS), and Address Input]. A S$ S2 
4-megahertz system clock for the TLC540 and pte coe 
a 2.1-megahertz system clock for the TLC541 
with a design that includes simultaneous 
read/write operation allow high-speed data 
transfers and sample rates of up to 75,180 samples per second for the TLC540 and 40,000 samples per 
second for the TLC541. In addition to the high-speed converter and versatile control logic, there is an on- 
chip 12-channel analog multiplexer that can be used to sample any one of 11 inputs or an internal ‘’self- 
test’’ voltage, and a sample-and-hold that can operate automatically or under microprocessor control. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
The converters incorporated in the TLC540 and TLC541 feature dproofifferential high-impedance reference 
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply 
noises. A switched-capacitor design allows guaranteed low-error (+0.5 LSB) conversion in 9 microseconds 
for the TLC540 and 17 microseconds for the TLC541 over the full operating temperature range. 
The TLC540 and the TLC541 are available in both the N and FN plastic packages. The M-suffix versions 
are characterized for operation from — 55°C to 125°C. The I-suffix versions are characterized for operation 
from —40°C to 85°C. 
LinCMOS is a trademark of Texas Instruments Incorporated 
PRODUCTION DATA documents contain information ae Copyright © 1983, Texas Instruments Incorporated 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


functional block diagram 


REF+ REF-— 


2 


0 8-BIT 
ANALOG-TO-DIGITAL 
SAMPLE 
_A AND CONVERTER 
cs BORD (SWITCHED-CAPACITORS) 
0 12-CHANNEL 
fe) ANALOG ANALOG 
i INPUTS MULTIPLEXER 
a OUTPUT 8 8-TO-1 DATA a 
a DATA SELECTOR AND aeenuy 
oO INPUT REGISTER DRIVER 
| ADDRESS 
3 REGISTER 
ae 
'?) 
S 
> . 
” SELF-TEST CONTROL LOGIC 
REFERENCE AND 1/O 
COUNTERS 
ADDRESS INPUT 
INPUT MULTIPLEXER 
o 
1/0 ee 
CLOCK 
cs 
SYSTEM 
CLOCK 
operating sequence 
li |2]3]4 |[s |e6]|7 |s MMP wo Be eS We Seb. 
52 eae bonTy care 1 LULU UU UE 
¢— ACCESS—py 1g. SAMPLE ig te tecay ——— Ps 1¢— ACCESS _» |¢—— SAMPLE __y} 
— | cyctep | | CYCLE B | (See Note A) ] ; ,CVeLec ~)-! CYCLEC | 
cs 
= on DON’T CARE pas — DON’T CARE 
ADDRESS 3 Z 
npur —7*483 X82 X81 X B0)————""-_4f-_{ca ez ¢1('c0)-—_ ET SRS _ 
HI-Z STATE : Miz 
DATA (37) STATE 
out PK ATX AG KAS XAG AB KAZ XAT A0 XQ (86 X 85 XB4 X BS X B2 X B1 XBOX) 
A7 B7 
4— PREVIOUS CONVERSION DATA A—»> +——__ CONVERSION DATA B ————_» 
MSB LSB MSB MSB LSB MSB 
(See Note B) 


NOTES: A. The conversion cycle, which requires 36 System Clock periods, is initiated on the 8th falling edge of the I/O Clock after CS 
goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O Clock 
must remain low for at least 36 System Clock cycles to allow conversion to be completed. 

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
seven bits (A6-AO) will be clocked out on the first seven I/O Clock falling edges. 

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after 
a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


RETIRES ATR AER RESELL P BO SE EINE SSN EN EIT NT ELS AE SAE A SS RMS ARE SEN SME SAREE NESS BG TS TRS SENNA RIE al EE SEG EADS ERS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


NUD y MOMmEUDS VNC (Sie TURNER 5c sg Sha ook aha a ok Be ek Pe ee LP ve a ee 6.5 V 
Input voltage range tany input. ie eS Sle, os ca eee -0.3 V to Vcc + 0.3 V ? 
Crtgut VoNegetanne so. oo. pw icles ow a Ae ee es Vals -0.3 V to Vcc + 0.3'V 
Peak input current range (any input) ..................005 Sls ails eid ela pee ee +10 mA 
POGK TOL INDUL CUTTENE {ON INDUS) cr wos op os ek ew a ne ee oe ew ae +30 mA £ 
Operating free-air temperature range: TLC540I, TLC5411.................... — 40°C to 85°C a 
TECBAOM. TECGAIM 0. ices ce ces -55°Cto 125°C 62 
Storage tenipetature- mined foc sc... Ss a ee wd -65°C to 150°C © 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260 °C = 
Case: temperature for .10 seconde: FN: package 7:3 sec oe ce ee ee re he 260°C oO 
NOTE 1: All voltage values are with respect to digital ground with REF— and GND wired together (unless otherwise noted). ‘Oo 
recommended operating conditions = 
Re ee é 
| MIN NOM MAX” | MIN, NOM MAX 
g 
z 


Negative reference voltage, Vpff— (see Note 2) 0.1 0 2.5 


Differential reference voltage, ‘ = ‘ : ag % 
a2 +0. 
VReEF+ — VreF— (see Note 2) CC cc ot 


75 5 5 
2.5 Vcc 
é fe) 2 
1 Vcc 
Analog input voltage (see Note 2) 0 Vc 
2 
00 
3 
sa". 
0 : 
00 
00 
4 


| 
2) 
2) 
E 


High-level control input voltage, Vj} 
Low-level control input voltage, Vj, 


Setup time, address bits at data input 
before I/O CLKT, tguiA) 


Hold time, address bits after I/O CLKT, ty) 


Setup time, CS low before clocking in first 


address bit, tsy(¢g) (see Note 3) 


Input/Output clock frequency, fco_K (I/O) 2.048 


FCLK(I/O) 


System clock frequency, fo_K(sys) 


2 
Input/Output clock high, twH(1/O) 2 
2 


mS 
5 
Cc 
4 
System aS 

(@) 

5 


Ww 
o 


N 
oO 


Clock transition time 


f See ee Se ee 
CLK(I/O) < 525 kHz 


FCLK(O) > 525 kHz 
Operating free-air TLC540M, TLC541M =—o5 125 


NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ‘’1’’s (11111111), while input voltages less than that applied to REF — 
convert as all ‘’O’’s (QOO00000). For proper operation, REF + voltage must be at least 1 volt higher than REF — voltage. Also, the total unadjusted 
error may increase as this differential reference voltage falls below 4.75 volts. 

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less) after a chip select 
falling edge is detected before responding to control input signals. Therefore, no attempt should be made to clock-in an address until the minimum 
chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from Vj} min to Vj, max or to rise from Vj, max to Viyj min. In the vicinity of normal 
room temperature, the devices function with input clock transition time as slow as 2 microseconds for remote data acquisition applications where 
the sensor and the A/D converter are placed several feet away from the controlling microprocessor. 


(see Note 4) 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


electrical characteristics over recommended operating temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2-048 MHz for 
TLC540 or fCLK(I/O) = 1.1 MHz for TLC541 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 


Veo = 4.75V, lon = 360 HA 

Vec=475V, lo =16mA_ | SSSA 

ie Off-state (high-impedance state) Vo = Vcc. cS at Vcc 23} wa 
output current Vo = 0, CS at Vcc RR Aes Ss 


High-level input current 


Selected channel leakage current 
Selected channel at O V, 


Unselected channel at Vcc 


Icc + IREF Supply and reference current VreF+ = VCC. CS atO V , 
7 
Cj Input capacitance g ~ E 


TAI typical values are at Ta = 25°C. 


Selected channel at Vcc, 
Unselected channel at O V 
pA 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V, fCLK(I/O) = 2.048 MHz for TLC540 or 1.1 MHz for TLC541, 
fCLK(SYS) = 4 MHz for TLC540 or 2.1 MHz for TLC541. 


ws 
+O. 
+O. 
+0 


(SB 


ee Lie input All address = 1011 101111101 70000011 101111101 10000011 
e est output code 
J (See Note 8) (125) (131) | (125) (131) 
See: Gparmting. Sequence: = Fs io” ta a 


Total access and 
J E See Operating Sequence V3a0 25 
conversion time 


Channel acquisition time 


t See Operating Sequence 

i (sample cycle) : opi 
Time output data 

ty remains valid after 
1/0 clock! 


Delay time, 1/O clock! 


t 
d to data output valid 


NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ‘’1’’s (11111111), while input voltages less than that 

applied to REF— convert to all’’0’’s (QOOOOO00). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 

6. Zero error is the difference between O0O000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted for full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

8. Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated 
and is used for test purposes. 


See Parameter 
Measurement 


Information 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


1.4V 


Vcc 
3kQ en 
OUTPUT TEST OUTPUT Rep Ae ewe OUTPUT ee 
UNDER TEST POINT UNDER TEST UNDER TEST 
CL CL 3k CL 
(SEE NOTE A) * ; (SEE NOTE A) — BF (SEE NOTE A) 
ise (SEE NOTE B) (SEE NOTE B) 
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
ty, tr, AND tr tpzH AND tpyz tpz_ AND tp, z 
Vcc 
cs 50% 
SYSTEM 
CLOCK 
OUTPUT 
WAVEFORM 1 (SEE NOTE B) 
(SEE NOTE C) 
OUTPUT 
WAVEFORM 2 
(SEE NOTE C) 


VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 


Wie) 
TS Smeg, Sai tr Stee ae sav 
OUTPUT 


DATA 
OUTPUT 


| 
| 
trp ie 


VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 


NOTES: A. Ci = 50 pF for TLC540 and 100 pF for TLC541. 
B. ten = tPZH OF tpZL, tdis = tPHZ OF tpLz- 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation 


The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such 
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and 
address]. These control inputs and a TTL-compatible 3-state output are intended for serial communications 


2 


with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can g 
be completed in 9 microseconds, while complete input-conversion-output cycles can be repeated every ‘'S 
13 microseconds. With TLC541 a conversion can be completed in 17 microseconds, while complete input- o 
conversion-output cycles are repeated every 25 microseconds. Furthermore, this fast conversion can be Ss) 
executed on any of 11 inputs or its built-in ‘‘self-test,’’ and in any order desired by the controlling processor. c 
The System and I/O Clocks are normally used independently and do not require any special speed or phase 2 
relationships between them. This independence simplifies the hardware and software control tasks for a7) 
the device. Once a clock signal within the specification range is applied to the System Clock input, the ‘'S 
control hardware and software need only be concerned with addressing the desired analog channel, reading 4 
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will x 
drive the ‘‘conversion crunching” circuitry so that the control hardware and software need not be concerned 63 
with this task. o 

OQ 


When CS is high, the Data Output pin is in a three-state condition and the Address Input and I/O Clock 
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a 
control logic point with their counterpart pins on additional A/D devices when additional TLC540/541 devices 
are used. In this way, the above feature serves to minimize the required control logic pins when using 
multiple A/D devices. 


The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 


1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits 
for two rising edges and then a falling edge of the System Clock after a low CS transition, before 
the low transition is recognized. This technique is used to protect the device against noise when 
the device is used in a noisy environment. The MSB of the previous conversion result will 
automatically appear on the Data Out pin. 

2. Anew positive-logic multiplexer address is shifted in on the first four rising edges of the I/O Clock. 
The MSB of the address is shifted in first. The negative edges of these four !/O clock pulses shift 
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The 
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling 
edge. The sampling operation basically involves the charging of internal capacitors to the level 
of the analog input voltage. 

3. Three clock cycles are then applied to the I/O pin and the sixth, seventh, and eighth conversion 
bits are shifted out on the negative edges of these clock cycles. 

4. The final eighth clock cycle is applied to the I/O Clock pin. The falling edge of this clock cycle 
completes the analog sampling process and initiates the hold function. Conversion is then performed 
during the next 36 System Clock cycles. After this final 1/O Clock cycle, CS must go high or the 
1/O Clock must remain low for at least 36 System Clock cycles to allow for the conversion function. 


CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line, the 1/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 36 System Clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC540M, TLC5401, TLC541M, TLC5411 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation (continued) 


It is possible to connect the System and I/O Clock pins together in special situations in which controlling 
circuitry points must be minimized. In this case, the following special points must be considered in addition 
to the requirements of the normal control sequence previously described. 


2 


1. When CS is recognized by the device to be at a low level, the common clock signal is used as 
an I/O Clock. When CS is recognized by the device to be at a high level, the common clock signal 
is used to drive the ‘‘conversion crunching’’ circuitry. 

2. The device will recognize a CS low transition only when the CS input changes and subsequently the 
System Clock pin receives two positive edges and then a negative edge. For this reason, after 
a CS negative edge, the first two clock cycles will not shift in the address because a low CS must 
be recognized before the I/O Clock can shift in an analog channel address. Also, upon shifting in 
the address, CS must be raised after the sixth I/O Clock pulse that has been recognized by the 
device, so that a CS low level will be recognized upon the lowering of the eighth I/O Clock signal 
that is recognized by the device. Otherwise, additional common clock cycles will be recognized 
as |/O Clock pulses and will shift in an erroneous address. 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the fourth I/O Clock cycle, the hold function is not initiated until the 
negative edge of the eighth I/O Clock cycle. Thus, the control circuitry can leave the I/O Clock signal in 
its high state during the eighth I/O Clock cycle until the moment at which the analog signal must be 
converted. The TLC540/TLC541 will continue sampling the analog input until the eighth falling edge of 
the I/O Clock. The control circuitry or software will then immediately lower the I/O Clock signal and hold 
the analog signal at the desired point in time and start conversion. 


S}JINDIID uolzIsiINnboy e}eEg 


Detailed information on interfacing to most popular microprocessors is readily available from the factory. 
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PRODUCT | TLC543M, TLC5431, TLC544M, TLC5441 
PREVIEW 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 


D2799, SEPTEMBER 1986 


Data Acquisition C 


@ LinCMOS™ Technology D, J, OR N PACKAGE 
‘ zd (TOP VIEW) 
@ 8-Bit Resolution A/D Converter 
@ On-Chip 6-Channel Analog Multiplexer ? 
@ Built-In Self-Test Mode 
” 
@ Software-Controllable Sample and Hold = 
@ Total Unadjusted Error... +0.5 LSB Max Oo 
@ End-of-Conversion Output 
@ Conversion Time. ..17 ws Max 
@ Internal System Clock ...4 MHz Typ 
@ Low Power Consumption. ..6 mW Typ 
@ Total Access and Conversion Cycles: 
TLC543 . . . 45,500 c/s Min 
TLC544.. . . 40,000 c/s Min 
description 
The TLC543 and TLC544 are LinCMOS™ A/D peripherals built around an 8-bit switched-capacitor 
successive-approximation A/D converter. They are designed for serial interface to a microprocessor or 
peripheral via a three-state output with up to four control lines that include I/O Clock, Chip Select (CS), 
Address Input, and End-of-Conversion Output (EOC). A 4-megahertz on-chip system clock and simultaneous 
read/write operations permit high-speed data transfer and minimum sample rates of 45,500 cycles per 
second for TLC543 and 40,000 cycles for the TLC544. In addition to the high-speed converter and versatile 
control logic, there is an on-chip 6-channel analog multiplexer that can be used to sample any one of five 
inputs or an internal ‘’self-test’’ voltage and a sample-and-hold that can operate automatically or under 
processor control. 
The converters incorporated in the TLC543 and TLC544 feature differential high-impedance reference inputs 
that permit ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noise. 
A totally switched-capacitor design allows guaranteed low-error (+ 0.5 LSB) conversion in 17 microseconds 
maximum for the TLC543 and the TLC544 over the full operating temperature range. The TLC543M and 
TLC544M are characterized for operation over the full military temperature range of —55°C to 125°C. 
The TLC5431 and TLC544I are characterized for operation from —40°C to 85°C. 
— 
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+———-CONVERSION DATA B——» 
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| system clock periods, is initiated on the 8th falling edge of the |/O Clock 


after CS goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O 
clock must remain low for at least 36 system clock cycles to allow conversion to be completed. 
. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 


rst seven I/O Clock falling edges. 


. To minimize errors caused by noise at the CS input, the internal circuitry waits for three internal system clock cycles (1.4 ys 
at 2 MHz) after a chip select transition before responding to control input signals. Therefore, no attempt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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PRODUCT -TLC543M, TLC5431, TLC544M, TLC5441 
PREVIEW : 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUODIY VONGGR: VEC NSG0 MOU 41 2 is con 3 eve oe a aw oe ee ew ec le we a 6.5 V 
Mput-volees rénge-lany INDUt 5 es. <5 2 dvs tes ey A ae Do oe Ree ~0.3:V-10 Vo + 034 2? 
AJOL WOTGTIG TOI oo 5. ce sc a he gp aw iB e S e e -0.3-V to Voc + 0.3 V 
Peek input Cureethignge ten IDDUe) a5 eee ee ks Ce es ap eee aS +10 mA 
PORK TOtGr int Carrere et rt ics a So oo ee aa en ik a oe le bi maw +30 mA & 
Operating free-air temperature range: TLC543I1, TLC5441.................... — 40°C to 85°C = 
TLOG4QM- TEOBAAM |: 55 SSS. -55°C to 125°C )~=s«D 
StOreae tEMNeraiure LONGO icc ces eo a sca oe ee Se SE is EBT R eA ~65°C to: 150°C Oo 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C = 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C oO 
NOTE 1: All voltages are with respect to ground (GND pin) with REF— and GND wired together (unless otherwise noted). 2 
recommended operating conditions 5 
x 
Ss 
is) 
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Positive reference voltage, Vref + (see Note 2) 2.5 Vec Vcc +0.1 
Negative reference voltage, Vpgf— (see Note 2) 


High-level control input voltage, Vip (for Vcc = 4.75 to 5.5 V) 


Low-level control input voltage, Vi_ (for Vcc = 4.75 to 5.5 V) 


Input/Output clock frequency, fCL_K(I/O) 
(for Vcc = 4.75 to 5.5 V) 


System clock frequency, fcLK (I/O) (for Vcc = 4.75 to 5.5 V) 


Input/Output clock high, twHiI/O 
Input/Output clock low, twL(I/O 


f < 1.1 MH 
1/O clock transition time (see Note 3) CLK(I/O : 


Setup time, address bits at data input 
before I/O CLOCKT, tsy(a 


Hold time, address bits after 1/O CLOCKT, tha 


Setup time, CS low before clocking in first address bits, 
tsu(Cs) (see Note 4) 


. ; TLC543M, TLC544M - 55 125 
Operating free-air temperature, Ta TLC5431, TLO5441 BT, 


NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ‘’1’’s (11111111) and input voltages less than that 
applied to REF — convert as all ‘‘O’’s (QOOOO000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, adjusted errors may increase as this differential reference voltage falls below 4.75 volts. 

3. This is the time required for the clock input signal to fall from Vip min to Vi_ max or to rise from Vij, max to Viy min. In 
the vicinity of normal room temperature, the devices function with input clock transitions as slow as 2 microseconds for remote 
data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (1.4 ys 
at 2 MHz) after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should 
be made to clock-in address data until the minimum chip select setup time has elapsed. 
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electrical characteristics over recommended operating temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2-048 MHz for TLC543 
or fCLK(I/O) = 1.1 MHz for TLC544 


PARAMETER TEST CONDITIONS 


y High-level output voltage, Vv -A75V ' edn Ee 
OH Data out, EOC SO : Oi? ‘ 
Data out | Vcc = 4.75 V, lol = 3.2 mA 
Vv Low-level output voltage 
pln Oars Vec = 4.75 V, lol = 1.6 mA 
Off-state (high-impedance state) Vo = Vcc. CS at Vcc 
OZ 
output current CS at Vcc 


NH High-level input current Vi = Voc + 0.3 V 
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| Selected channel leakage current See Figure 1 
Ikg 8 Selected channel at O V, e 


Unselected channel at Vcc 


IREF Reference current VreF+ = Vcc. CS atO V 


; Analog inputs 
Cj Input capacitance ; 
Control inputs 


T All typical values are at Vec = 5 V, Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 


vcc 


SELECTED 
ANALOG 
INPUT 


OTHER 
ANALOG 
INPUTS 


FIGURE 1. SELECTED CHANNEL LEAKAGE CURRENT 
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operating characteristics over recommended operating free-air temperature range, VCC = VREF+ = 4.75 to 5.5 V, 
fCLK(I/O) = 2.048 MHz for TLC543 or 1.1 MHz for TLC544 


TLC543 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 


E: 
iss 
| Setest output code Input A5 address = 101409,] 01111101 10000011 | 01111101 
Self-test output code 
See Note 8 (125) (131) (125) 


tacq Channel acquisition time (sample cycle) 


‘ Time output data remains valid 
after I/O clock! 


tg Delay time, I/O clock! to data output valid Re cee ee) hae li 


ten Output enable time 

tdis Output disable time 
tribus Data bus and EOC rise time 

tt(bus Data bus and EOC fall time See Figure 2 


See Operating Sequence 


tPHLIEOC) Propagation delay, 8th I/O clock! to EOC 


Delay time, EOC to DATA OUT (MSB) 


t 
d(EOC) (see Note 9) 


12 ae 


NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero error is the difference between the output of an ideal and an actual A/D converter for zero input voltage; full-scale error is that same difference for full- 
scale input voltage. 
7. Total unadjusted error comprises linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A5 analog input signal is internally generated and is used for test purposes. 
9. The EOC signal is output after 40 internal clock cycles, while the data is available after 36 internal clock cycles. Thus, the delay time, EOC to DATA OUT, 
is a negative value equal to four internal system clock cycles less internal propagation delays. 
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TLO543M, TLC5431, TLC544M, TLC5441 PRODUCT 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS ; PREVIEW 
WITH SERIAL CONTROL AND 5 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


1.4V Vcc 
2 3 kf 3 kQ 
OUTPUT OUTPUT OUTPUT 
TEST POINT TEST POINT 
ww) UNDER TEST TERT FONT UNDER TEST UNDER TEST 
® CL CL 3 kO CL 
ry | (SEE NOTE A) (See Note A) | (See Note A) 
> (See Note B) (See Note B) 
© 
2 LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
= tq, tr, and t¢ tpzH AND tpyz tpz_ AND tp_z 
a 
° Vec 
=) Cs 50% 
9 ! geptcpe ee 2 
a | 
INTERNAL 
i SYSTEM | | 
D CLOCK | | 
\¢— tpz_———_»| ke—bt— tp_z 
OUTPUT | ea. Vcc 
WAVEFORM 1 | (‘See Note B) 50% | | 10% 
(See Note C) i noe ae owen 0 VY 
fe 82H 8 let tPHz 
OUTPUT | eae VOH 
WAVEFORM 2 50% 
(See Note C) OV 


VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 


1/0 
GEOCK.— 95 ieee ree ea OI OR ae cee ee eee eee 2.4V 
OUTPUT , ' 
| | ———dO4V 
14 |! 
trl he il a tf 
DATA 
OUTPUT 
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 
CLOCK CLOCK 0.8 V | 
i }¢——- taiEoC) ——> 
}-———t- tPpHL(EOC) 4 ; 
! 2.4V : 
| DATA OUT 
EOC 
Kio. v Vv 0.4V | 
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VOLTAGE WAVEFORMS FOR EOC TIMING 


NOTES: A. Ci = 50 pF for TLC543 and 100 pF for TLC544. 


B. ten = tPZH OF tpZL, tdis = tpHz OF tPLZ. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


FIGURE 2. OPERATING CHARACTERISTICS 
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introduction 
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TLC543 and TLC544 are each complete data acquisition systems on a single chip. They include the functions 
of analog multiplexer, sample and hold, 8-bit A/D converter, data and control registers, and control logic. 
Flexible serial communication is achieved with a microprocessor or microcomputer using a TTL-compatible 
three-state Data Out and four control lines: Chip Select (CS), I/O Clock, Address Input, and End of 
Conversion (EOC) output. 


ircuits 


To maximize access speed, the device simultaneously writes the previous conversion result, reads a new 
multiplexer address, and acquires the analog signal. This is followed by the A/D conversion, whose end 
is signalled by EOC output going high. These Total Access and Conversion Cycles are completed in a 
minimum of 22 us for the TLC543 and 25 us for the TLC544. Conversion can take place, in any order, 
on the five analog inputs or the built-in self-test system. 


The system clock, which drives the control logic and the switched-capacitor successive approximation 
A/D converter, is internal to the device and typically runs at a frequency of 4 MHz. This internal system 
clock runs independently and there are no required phase or frequency relationships with other signals. 


Data Acquisition C 


digital interface 


The I/O clock controls the acquisition of the analog signal as well as all serial data communications between 
the TLC543 or TLC544 and the host processor. This I/O clock from the host consists of a burst of eight 
pulses separated by the conversion time. Timing may be achieved by chip select (CS) synchronously gating 
a continuous |/O clock or directly from the host with CS held low continuously. 


With CS high, Data Out is in a high-impedance condition with the Address Input and 1/0 clock input disabled. 
This feature allows the interface pins, with the exception of CS and EOC, to share a common bus with 
additional TLC543 or TLC544 devices or other members of the TLC543/544 family of devices. 


typical operating sequence 


Consider an access and conversion sequence where CS is being used: CS is brought low and recognized 
after the time out of the noise-rejection circuitry. The MSB of the previous conversion result appears at 
Data Out, whose three-state output is enabled. The MSB of the new multiplexer address should be present 
at the Address Input to conform with the setup time, tsy(A), requirements before the first rising edge of 
the I/O clock. The multiplexer address is shifted in on the first three rising edges of the I/O clock. 


The first seven falling edges of |/O CLOCK shift out the remaining seven bits of the previous conversion 
on DATA OUT. The eighth I/O clock falling edge returns the MSB to the Data Out. Optimum serial transfer 
takes place with the bit streams being read on the rising edges of the I/O clock for the respective devices 
and Data Out and Address In lines. 


At the fourth falling edge of the I/O clock, the on-chip sample and hold begins to acquire the newly addressed 
analog input and continues until the eighth (and final) falling edge. A hold function is initiated by the eighth 
1/O clock pulse falling edge. If it is desired to start the conversion at a specific point in time (or lengthen 
the acquisition time), the host processor may leave the eighth I/O clock pulse in the high state until the 
moment at which the analog signal must be sampled. After bringing the eighth I/O pulse low, the A/D 
function is performed in the next 36 internal system clock cycles. 


In applications where CS is held low continuously, the bursts of eight I/O clock pulses should be timed 
to be at least teony apart. 
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CS input 

To minimize bus contention caused by noise enabling the three-state Data Out, when the CS input is brought 
low the device waits for two rising edges and a falling edge of the internal system clock before recognizing 
the CS transition. Hence, the setup time tsu(CS) should be observed when using the CS input. This applies 
also to a CS high-to-low transition, except for disabling of DATA OUT, which goes into a high-impedance 
state immediately within the tgis specification (see Figure 3). If this interruption of CS in the low state 
is less than 1.5 internal system clock cycles, and hence not recognized, DATA OUT will be immediately 
enabled with the return of CS to the low state. DATA OUT becomes enabled after a CS high-to-low transition 
in time ten (equivalent to tsy(Cs) for this device, see Figure 3). 


2 


V e1eq 


CS can be brought high during a conversion without affecting the ongoing conversion but must remain 
high until the end of conversion. Otherwise, a CS falling edge will cause a reset condition that will abort 
the conversion in progress. When a new access cycle is started, the previous conversion result will be output. 


isinbo 


A new conversion may be restarted by toggling CS high-to-low at least tsu(CS) before the eighth falling 
edge of the I/O clock. The ongoing access cycle will be aborted. Again, when a new access cycle is started, 
the previous conversion result will be output. 
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end of conversion output (EOC) 


EOC goes low a propagation delay time tpHL(EQC) after the 8th falling edge of the I/O clock, and goes 
high when conversion is complete. At this time the MSB is available at Data Out; however, if CS is high 
it will be necessary to bring CS low and wait for the CS recognition time before Data Out is available, 
since Data Out is in a high-impedance state when CS is high. Delay time td(EOC) of EOC to Data Out 
is a negative value of 4 internal system clock cycles less internal propagation delay, because the EOC 
signal is output after 40 internal system clock cycles whereas conversion is complete with data available 
after 36 cycles. 
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D2850, DECEMBER 1985 


LinCMOS™ Technology N DUAL-IN-LINE PACKAGE 


¢ ; TOP VIEW 
8-Bit Resolution A/D Converter 


INPUT AO[]1 U28[] Vcc 


® pei a Peripheral or Stand-Alone INPUT A1 C2 o7h] SYSTEM CLOCK 
INPUT A2 L]3 261) 1/0 CLOCK 
@ On-Chip 20-Channel Analog Multiplexer INPUT A3L]4 —=_25|_} ADDRESS INPUT 
” INPUT A4 | [5 241] DATA OUT 
@ Built-In Self-Test Mode INPUT A5 [6 oat] GS 
@ Software-Controllable Sample and Hold INPUT A6 [| }7 22|_| REF + 
; INPUT A7 | |8 21| | REF— 
@® Total Unadjusted Error... +0.5 LSB Max INPUT As [19 201] INPUT A18 
@ Timing and Control Signals Compatible with INPUT A9[]10 = 19] ] INPUT A17 
8-Bit TLC540 and 10-Bit TLC1540 A/D INPUT A10[]11 181 ] INPUT A16 
Converter Families INPUT A11[]12 17] ] INPUT A15 
INPUT A12 | |13 16] | INPUT A14 
GND [fa 1sPJINPUT A13 
Channel Acquisition Time 1.5 us 
se psi - : ae FN CHIP CARRIER PACKAGE 
Secs? (TOP VIEW) 
Power Dissipation 6 mW 
6 
description ° 
Ox 
The TLC545 and TLC546 are LinCMOS™ A/D a ae ae 
peripherals built around an 8-bit switched- b Ee i E ~ a 
Capacitor successive-approximation A/D oo a3 of Oo 
converter. They are designed for serial interface peak 
to a microprocesor or peripheral via a three-state 25% 6 


output with up to four control inputs [including INPUT A415 25[] ADDRESS INPUT 
independent System Clock, I/O Clock, Chip INPUT A5 [{]6 24(] DATA OUT 
Select (CS), and Address Input]. A 4-megahertz INPUT A6 []7 23[] CS 

system clock for the TLC545 and a INPUT A7 []8 22[] REF + 


2.1-megahertz system clock for the TLC546 INPUT A8 []9 211] REF — 

with a design that includes simultaneous INPUT AQ 20[] INPUT A18 
read/write operation allow high-speed data INPUT A10 []11 191] INPUT A17 
transfers and sample rates of up to 76,923 


N 
WwW 
or 
[o>] 
~ 
© 


samples per second for the TLC545, and 40,000 = = 
samples per second for the TLC546. In addition =e = AEE paonigetn 
IqIodctatate 

to the high-speed converter and versatile control wee NE aan 
logic, there is an on-chip 20-channel analog >r eerea 
Zz 22zzéez 


multiplexer that can-be used to sample any one 
of 19 inputs or an internal ‘‘self-test’’ voltage, 
and a sample-and-hold that can operate 
automatically or under microprocessor control. 


The converters incorporated in the TLC545 and 
TLC546 feature differential high-impedance 
reference inputs that facilitate ratiometric 
conversion, scaling, and analog circuitry isolation 
from logic and supply noises. A totally switched- 
capacitor design allows guaranteed low-error 
(+0.5 LSB) conversion in 9 microseconds for 
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the TLC545, and 17 microseconds for the TLC546 over the full operating temperature range. Detailed 
information on interfacing to most popular microprocessors is readily available from the factory. 


The TLC545M and the TLC546M are characterized for operation from —55°C to 125°C. The TLC545! 
and the TLC546I are characterized for operation from —40°C to 85°C. 
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functional block diagram 


REF+ REF— 


8-BIT 
ANALOG-TO-DIGITAL 
CONVERTER 
(SWITCHED-CAPACITORS) 


SAMPLE 
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ANALOG 20-CHANNEL 
INPUTS ANALOG 
MULTIPLEXER 
OUTPUT 8 8-TO-1 DATA 
DATA SELECTOR AND penta 
INPUT REGISTER DRIVER 
ADDRESS 
REGISTER 
5 
SELF-TEST CONTROL LOGIC 
REFERENCE AND 1/0 
COUNTERS 
ADDRESS INPUT 
INPUT MULTIPLEXER 
es 
1/0 ae 

CLOCK 
cs 
SYSTEM 
CLOCK 
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operating sequence 


[1 -}-2-|-3-|«-}| s--e -o fs |e fees |e ss foe} 7 ts 


0 DON’T | /CARE 
CLOCK mores Sug bese Seles es pss oe 


ACCESS — ¢—SAMPLE—Dr-_——tcony oe @——ACCESS——_py f@—-SAMPLE—py 


cs CYCLE B CYCLE B See Note A) | CYCLE C | | CYCLEC 
ave a ee ee 


(See Note C) 
— ro DON’T CARE — pecs 
tt ona), Co, a, ) aurea (ca X 3X 62X61 X CO) : 
HI-Z 
HI-Z STATE STATE 
eout —PKATKABKASKA4K ASK AZK ATX AO Ky (87 X 86 X85 X84 X83 X82 X 81X80 Xp 
4— PREVIOUS CONVERSION DATA A Bens ?+———__ CONVERSION DATA B “3 
MSB LSB MSB MSB LSB MSB 
(See Note B) 


NOTES: A. The conversion cycle, which requires 36 system clock periods, is initiated with the 8th I/O clock! after CS! for the channel 
whose address exists in memory at that time. es 
B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
seven bits (A6-AO) will be clocked out on the first seven !/O clock falling edges. 
C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three system clock cycles (or less) after 
a chip select transition before responding to control input signals. Therefore, no attempt should be made to clock-in address 
data until the minimum chip-select setup time has elapsed. 


Data Acquisition Circuits ip) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sry Vera VC te mete 8) a pe oh oe oe oe en Ee Le ee 6.5 V 
Hove POMOC TENG ANY IED. os os as hen ae ee ee ee ee ee —0.3 V to Vcc +0.3 V 
Gutsut volege Tange -<-.-y Se ices ce Pe ea os eran Re 8 Pee -—0.3 V to Vcc +0.3 V 
Pes input cunrent-rangeany nD) en saves es a i ee See 2s ERS ees +10mA 
POR 2 cele ast -G rats Vani AE ik ine era en pn ee a le ee ew oie +30 mA 
Operating free-air temperature range: TLC545I, TLC546].................... — 40°C to 85°C 

TLGS46M, TFECS46M.. oo ee eer eee —§5 °C to.125°G 
Storage temperature 1ONnO8: & . fos Oa aw ha ea hee Sl ak oes ei Wek -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 
Case temperature for 10 seconds: FN package............... 2.2.00 e eee 260°C 


NOTE 1: All voltage values are with respect to network ground terminal. 
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recommended operating conditions 


TLC546 


=O = 
] 
Analog input voltage (see Note 2) ) Vcc 
Low-level control input voltage, ViL eM | i EES WaT 
ee eee 
a ee 
Input/Output clock frequency, fcLK(I/O) 2.048 ek: EFS ESS 


1 
6) Vc 
1@) 
6 
6) ‘ 

System clock frequency, fcLK(SYS) FCLK(I/O) 4 FCLK(I/O) 1 
0 


2 


Address hold time, th 


Setup time, CS low before clocking in first 
address bit, tsy(Cs) (see Note 3) 


Chip select high during conversion, twH(CS) 


SUNDIID UOHIsiNnboy: ejeEGg 


System clock high, twH(Ssys) 


System clock low, twL(SYSs) 


Input/Output clock high, twH(I/0) RE SSeS SRE aaa 
Input/Output clock low, twL1/0) a). nee eee RR ae 
Me ee 1 Eg a, Sas eee 
ciReye es RSS AREA TTS. 

20 
ay See SAS | Sree oe 


20 
3 
20 


Clock transition time 


(see Note 4) 


fCLK(SYS) > 1048 kHz 20 
FCLK(I/O) > 525 kHz 


TLC545M, TLC546M —55 125 -—55 125 


Operating free-air temperature, Ta 


TLC545I, TLC546! -40 85 -40 85 


NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ‘‘1’’s (11111111), while input voltages less than that 
applied to REF — convert as all ‘‘O’’s (QOOOO0000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, total unadjusted errors may increase as this differential reference voltage falls below 4.75 volts. 

3. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (or less) 
after a chip select falling edge or rising edge is detected before responding to control input signals. Therefore, no attempt 
should be made to clock-in address data until the minimum chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from Vj} min to Vj, max or to rise from Vi_ max to Vijy min. In 
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 microseconds 
for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 
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ADVANCE TLC545M, TLC545], TLC546M, TLC5461 
INFORMATION LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 


electrical characteristics over recommended operating temperature range, 


Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2-048 MHz for TLC545 
or fCLK(I/O) = 1.1 MHz for TLC546 


PARAMETER 
V High-level output voltage (pin 24) Vcc = 4.75 V, loH = —360 pA 
0 


TEST CONDITIONS 


MIN TYPt MAX | UNIT 


A \ 
H 
VOL Low-level output voltage Vcc = 4.75 V, lio. = 3.2 mA 0.4 
Off-state (high-impedance state) Vo = Vcc. CS at Vcc 
Z —— m 
output current Vo = O, CS at Vcc 
V 2:5 
Operating supply current CS atO V 2 2.5 | mA 
1 


O 
O 
lo 
NH 
Ne 
Selected channel at Vcc, = 
Unselected channel at 0 V ; 
~0.4 ~4 
te 


A 
High-level input current 1= Vcc 0.005 
A 
A 
Selected channel at O V, 
AN 
F 


ICC 


Selected channel! leakage current 


Low-level input current =0,005__-2.5 
m 
ph 
_ Unselected channel at Vcc 
m 


lcc + |IREF Supply and reference current VreF+ = Vcc, CS atO V Se See 8 


7 Analog inputs 
Cj Input capacitance : p 
Control inputs 
TAIl typical values are at Ta = 25°C. 


wo 


Data Acquisition Circuits Bye 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V, fCLK(I/O) = 2-048 MHz for TLC545 or 1.1 MHz for 
TLC546, fCLK(SYS) = 4 MHz for TLC545 or 2.1 MHz for TLC546 


TLC545 TLC546 
PARAMETER TEST CONDITIONS UN 
MIN TYP MAX MIN TYP MAX 


IT 


Snlereae tout ded input A19 address = 10011 01111101 10000011 | 01111101 10000011 
el7-test Output code 
3 (See Note 8) (125) (131) (125) (131) 


Total access and ‘ 
See Operating Sequence 
conversion time 


13 
o 
300 


ie Opa ae 
Ce en 


17 
25 
3 
10 


Channel acquisition 


tacq See Operating Sequence 
time (sample cycle) 


Time output data 


ty remains valid after 
1/0 clock! 


to data output valid 


NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted for full-scale input voltage. 
7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A19 analog input signal is internally generated 
and is used for test purposes. 


See Parameter 


Measurement 


Information 


0 
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TLO545M, TLCO545!, TLC546M, TLC5461 ADVANCE 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS INFORMATION 
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PARAMETER MEASUREMENT INFORMATION 


WAVEFORM 1 (SEE NOTE B) 
yD ae ee ae tee] Bete a ie aie Sie. sae I NS lemme ae ae Ov 


—+>| tpzHke— —>| tpHz = 


OUTPUT l eo NE 
WAVEFORM 2 50% 
(SEE NOTE C) es 


2 5 
1.4V 3kQ 
g 3k2 OUTPUT TEST POINT OUTPUT TEST POINT 
-~ UNDER TEST UNDER TEST 
ra) CL 3kQ CL 
> OUTPUT TEST (SEE NOTE A)” . (SEE NOTE A) < 
re) UNDER TEST POINT = = ied 
— . (SEE NOTE B) (SEE NOTE B) 
Ee L . 
” (SEE NOTE A) ° | P 
, a 
= LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
ty, tr, AND ts tpzy AND tpyz tpz_ AND tp_z 
© 
° 
c Vcc 
= ore: 
a cs 50% 
4 Bicep emmy Ov 
| 
| 
SYSTEM | 
CLOCK l 
| 
—>| tpz_ — —>| teLz we 
| | | 
OUTPUT l l 3 Vec 
| 


RISE AND FALL TIMES 


NOTES: A. Cy = 50 pF for TLC545 and 100 pF for TLC546 
B. ten = tPZH OF tPZL, tdis = tPHZ OF tPLZ 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 


> VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

> 1/0 

a CLOCK a = eR 
OUTPUT 1 | 

oO | eer 

rv 11 | 

ce ty >| et a al ett 

Pa DATA 

“Ti OUTPUT 

2 VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 

= 
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ADVANCE TLC545M, TLC545!, TLC546M, TLC546I 
INFORMATION LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 


RII SEA EL AED BEETS EEE ETS EL OPEL ILE LENS ETE PE LETTE IED SLEDS EADIE NEI ELD LSD AEP CDE LT SEP LIAL ONG | IEA BS A REL SEBEL IE 8 EBB ACL ARATE BIE 
principles of operation 


The TLC545 and TLC546 are both complete data acquisition systems on single chips. Each includes such 
functions as system clock, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, 1/O 
clock, and System clock. These control inputs and a TTL-compatible 3-state output facilitate serial 
communications with a microprocessor or microcomputer. The TLC545 and TLC546 can complete 
conversions in a maximum of 9 and 17 microseconds respectively, while complete input-conversion-output 
cycles can be repeated at a miximum of 13 and 25 microseconds, respectively. 


The System and I/O clocks are normally used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System clock input, the 
control hardware and software need only be concerned with addressing the desired analog channel, reading 
the previous conversion result, and starting the conversion by using the I/O clock. The System clock will 
drive the ‘‘conversion crunching” circuitry so that the control hardware and software need not be concerned 
with this task. 


When CS is high, the Data Output pin is in a high-impedance condition, and the Address Input and I/O 
Clock pins are disabled. This feature allows each of these pins, with the exception of the CS, to share 
a control logic point with their counterpart pins on additional A/D devices when additional TLC545/TLC546 
devices are used. Thus, the above feature serves to minimize the required control logic pins when using 
multiple A/D devices. 


Data Acaquisi ion Circuits Mbe) 


The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 


1. CSis brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits 
for two rising edges and then a falling edge of the System clock after a CS transition before the 
transition is recognized. The MSB of the previous conversion result will automatically appear on 
the Data Out pin. 

2. Anew positive-logic multiplexer address is shifted in on the first five rising edges of the I/O clock. 
The MSB of the address is shifted in first. The negative edges of these five I/O clocks shift out 
the 2nd, 3rd, 4th, 5th, and 6th most significant bits of the previous conversion result. The on- 
chip sample-and hold begins sampling the newly addressed analog input after the 5th falling edge. 
The sampling operation basically involves the charging of internal capacitors to the level of the 
analog input voltage. 

3. Twoclock cycles are then applied to the I/O pin and the 7th and 8th conversion bits are shifted 
out on the negative edges of these clock cycles. 

4. The final 8th clock cycle is applied to the I/O clock pin. The falling edge of this clock cycle completes 
the analog sampling process and initiates the hold function. Conversion is then performed during 
the next 36 system clock cycles. After this final I/O clock cycle, CS must go high or the I/O clock 
must remain low for at least 36 system clock cycles to allow for the conversion function. 


CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line, the |/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 36 system clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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_ It is possible to connect the system and I/O clocks together in special situations in which controlling circuitry 
points must be minimized. In this case, the following special points must be considered in addition to the 
requirements of the normal control sequence previously described. 


1. When CS is recognized by the device to be at a low level, the common clock signal is used 
as an I/O clock. When the CS is recognized by the device to be at a high level, the common 
clock signal is used to drive the ‘’conversion crunching’’ circuitry. 

2. The device will recognize a CS transition only when the CS input changes and subsequently 
the system clock pin receives two positive edges and then a negative edge. For this reason, 
after a CS negative edge, the first two clock cycles will not shift in the address because a 
low CS must be recognized before the I/O clock can shift in an analog channel address. Also, 
upon shifting in the address, CS must be raised after the 6th I/O clock, which has been 
recognized by the device, so that a CS low level will be recognized upon the lowering of the 
8th I/O clock signal recognized by the device. Otherwise, additional common clock cycles will 
be recognized as I/O clocks and will shift in an erroneous address. 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the 5th I/O clock cycle, the hold function is not initiated until the negative 
edge of the 8th I/O clock cycle. Thus, the control circuitry can leave the I/O clock signal in its high state 
during the 8th I/O clock cycle, until the moment at which the analog signal must be converted. The 
TLC545/546 will continue sampling the analog input until the 8th falling edge of the I/O clock. The control 
circuitry or software must then immediately lower the |/O clock signal to initiate the hold function at the 
desired point in time and to start conversion. 


s}inosuig uonIsinboy ejeg Hye 


Detailed information on interfacing to most popular microprocesors is readily available from the factory. 
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3 TLC548, TLC549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


D2816, NOVEMBER 1983—REVISED JULY 1986 


@ LinCMOS™ Technology TLC548M, TLC549M .. . D OR P PACKAGE 
: ‘ TLC548I, TLC5491 . . . D OR P PACKAGE 
@ Microprocessor Peripheral or Stand-Alone TLC548C, TLC549C .. . D PACKAGE 
Operation (TOP VIEW) 

@ 8-Bit Resolution A/D Converter REF+ (11 Us tvcc 

@ Differential Reference Input Voltages ANALOG IN[]2 7{JV/0 CLOCK 
REF —{]3 6| |DATA OUT 

@ Conversion Time... 17 us Max GND[|4 5[]Cs 

@ Total Access and Conversion Cycles Per Second 


TLC548 ... up to 45,500 
TLC549 .. . up to 40,000 


On-Chip Software-Controllable Sample-and-Hold 
Total Unadjusted Error... +0.5 LSB Max 
4-MHz Typical Internal System Clock 

Wide Supply Range...3 V to6 V 


Data Acquisition Circuits Bye 


Low Power Consumption. .. 6 mW Typ 


Ideal for Cost-Effective, High-Performance Applications Including Battery-Operated Portable 
Instrumentation 


@ Pinout and Control Signals Compatible with the TLC540 and TLC545 8-Bit A/D Converters and with 
the TLC1540 10-Bit A/D Converter 


description 


The TLC548 and TLC549 are LinCMOS™ A/D peripheral integrated circuits built around an 8-bit switched- 
Capacitor successive-approximation ADC. They are designed for serial interface with a microprocessor 
or peripheral through a 3-state data output and an analog input. The TLC548 and TLC549 use only the 
Input/Output Clock (I/O Clock) input along with the Chip Select (CS) input for data control. 
The maximum I/O clock input frequency of the TLC548 is guaranteed up to 2.048 megahertz, and the 
I/O clock input frequency of the TLC549 is guaranteed to 1.1 megahertz. Detailed information on interfacing 
to most popular microprocessors is readily available from the factory. 


Operation of the TLC548 and the TLC549 is very similar to that of the more complex TLC540 and TLC541 
devices; however, the TLC548 and TLC549 provide an on-chip system clock that operates typically at 
4 megahertz and requires no external components. The on-chip system clock allows internal device operation 
to proceed independently of serial input/output data timing and permits manipulation of the TLC548 and 
TLC549 as desired for a wide range of software and hardware requirements. The I/O Clock together with 
the internal system clock allow high-speed data transfer and conversion rates of 45,500 conversions per 
second for the TLC548, and 40,000 conversions per second for the TLC549. 


Additional TLC548 and TLC549 features include versatile control logic, an on-chip sample-and-hold circuit 
that can operate automatically or under microprocessor control, and a high-speed converter with differential 
high-impedance reference voltage inputs that ease ratiometric conversion, scaling, and circuit isolation 
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter 
circuit allows conversion with a maximum total error of +0.5 least significant bit (LSB) in less than 
17 microseconds. 


The TLC548M and TLC549M are available in the D or P plastic package and are characterized for operation 
over the temperature range of —55°C to 125°C. The TLC548I and TLC549] are characterized for operation 
from —40°C to 85°C. The TLC548C and TLC549C are characterized for operation from O0°C to 70°C. 


LinCMOS is a trademark of Texas Instruments. 


PRODUCTION DATA documents contain information = Copyright © 1983, Texas Instruments Incorporated 
— as of peg date. aoe ae be Te 4 
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TLO548, TLCO549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


functional block diagram 


(1) 
EF+ 
2 . (3) 8-BIT 
REF— ANALOG-TO- 
DIGITAL 
g ANALOG (2) pees ag CONVERTER 8 
~ INPUT ae (SWITCHED- OUTPUT 8-TO-1 DATA 
® HOL CAPACITORS) DATA SELECTOR | (6) DATA 
> REGISTER AND OUTPUT 
os DRIVER 
2 
i 
” 
= INTERNAL 
o SYSTEM 
| CLOCK CONTROL 
Q es &) a 
=] 
2) (7) OUTPUT 
1/0 CLOCK 
Cc. een COUNTER 
op 
” 


operating sequence 


Luh? betel ste} te lalatalalslel7is 
VO if | | j | j | j | j | j | j | | LI DONT, , CARE | ; 
CLOCK ' access .! | sampte |! t tas. access! | SampLe |! 
— > conv—___pi ; it-— — >| 
tsuics)4¢—_»i CYCLEB CYCLE B (See Note A) lei,  CYCLEC CYCLE C 
tsu(CS) 


sg} Sen UCN! paren cgay, ROLE doer er 


HI-Z 
DATA HI-Z STATE | STATE 
OUT po KAZ AE AEM AK AS KAZ AUK AOD {87 X86 X85 X84 X 83 X 82 X 81 X80 Xe 
| 
: lt— PREVIOUS CONVERSION DATA Kow : CONVERSION DATA ge 
ten-—»| MSB LSB MSB ten->| eSB LSBS MSB 
(See Note B) 


NOTES: A. The conversion cycle, which requires 36 internal system clock periods (17 ws maximum), is initiated with the 8th I/O clock 
pulse trailing edge after CS goes low for the channel whose address exists in memory at the time. 
B. The most significant bit (A7) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining seven 
bits (A6-AO) will be clocked out on the first seven |/O clock falling edges. B7-BO will follow in the same manner. 


ip 
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TLC548, TLC549 
LinCMOS™ §8-BIT ANALOG-TO-DIGITAL 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SiR WORE VCC (Nee tte) rw eee ee ee Se or Ce re EE SD Sn 8 we ee 6.5 V 
DUE VON GHG PAID Bt Ny Wit yo oa oni se ges oe de oe ee Kee —-0.3 Vto Voc. 0.3 9 
Cait VGNEGG fONGs 660s 2 SSR oe eis ee ele ke te oS —0.3 V to Vcc + 0.3 V 
Poak- input current range: tary inputs. 1 ie cS i ee ke ew ee eR PES +10 mA 
Peak -total input current tahoe fall nailed 652 5s hh he we oe a eS ew Se +30 mA 
Operating free-air temperature range (see Note 2): TLC548M, TLC549M ) FLERE TS A =—§5°C to 126° ° 

TC G4el, VLCEASI- So ms — 40°C to 85°C 

Teta Aen. ie i ee 0O°C to-7O°6 
Stotage temnerating Tenge so a5 ie ee ke ee ~65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................0000.% 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal with the REF — and GND terminal pins connected together, 
unless otherwise noted. 
2. The D package is not guaranteed below —40°C. 


recommended operating conditions 
ee ee ae ee 
MIN NOM MAX | MIN NOM MAX|-~ 
Supply voltage, Vcc cai eas see SERGE RES ek 
| Positive reference voltage, VReF+ (see Note 3) | 2.8 Vcc Vec+0.1 | 2.5 Vcc Vec+o.1| Vi | 
Ene a Se Ss es eet 
[Differential reference voltage, VneF+. Vrer— (seeNote3) | __1 ~~ VecVecs02 | 1 VecVecsoa| V 
| Sieaiog: lapet wortage tape Note Shoe a On os Neel. 0 Stee iG [eee 
Pn ici eer it Ee ee ee Gee a 
| Low-level control input voltage, Vi_ (for Vcc = 4.75Vto5.5V) | OB TB 


Input/output clock frequency, fCLK(I/O) 0 2.048 
(for Vcc = 4.75 V to 5.5 V) 
nput/output clock Tow, twiwo) forVec =475VtoeBV) | 20 «| «aoe SCSC~=~idCS 


Input/output clock transition time, tt(j/Q) (see Note 4) 
(for Voc = 4.75 V to 5.5 V) 


Duration of CS input high state during conversion, twH(CS) 
S 
(for Voc = 4.75 V to 5.5 V) . 
Setup time, CS low before first I/O clock, tsy(cs) 
1.4 1.4 us 
(for Vcc = 4.75 V to 5.5 V) (see Note 5) 


TLC548M, TLC549M —55 126°} - = 65. 9286 
Operating free-air temperature, Ta TLC5481, TLC549I a 85 —40 85 


TLC548C, TLC549C 


NOTES: 3. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that 
applied to REF— convert to all zeros (QOOO00000). For proper operation, the positive reference voltage Vpgf +, must be at 
least 1 volt greater than the negative reference voltage Vref _ . In additon, unadjusted errors may increase as the differential 
reference voltage Vapr+ — Vprer-— falls below 4.75 V. 

4. This is the time required for the input/output clock input signal to fall from Vip min to Vj_ max or to rise from Vj, max to 
ViH min. In the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us 
for remote data acquisition applications in which the sensor and the ADC are placed several feet away from the controlling 
microprocessor. 

5. To minimize errors caused by noise at the CS input, the internal circuitry waits for two rising edges and one falling edge of 
internal system clock after CS! before responding to control input signals. This CS set-up time is given by the ten and tsu(CS) 
specifications. 
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TLC548, TLC549 
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
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electrical characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2-048 MHz for TLC548 
or 1.1 MHz for TLC549 


PARAMETER TEST CONDITIONS MIN TyPt MAX | UNIT 
VOH High-level output voltage Vcc = 4.75 V, Ion = —360 pA V 
L 
Z 


Vo Low-level output voltage Vec = 4.75 V, Io, = 3.2 mA Beare ae 
Off-state (high-impedance Vo = Vcc. CS at Vcc > 
state) output current Vo = 0, CS at Vcc e Dwcitae, a ee 


lo 
iH High-level input current, control inputs Vi = Vcc 
IL : i 


i SOR RL eA 

Tli,____tow-level input current, controfinputs | Vi=O SC*YCSC 0.002] HA 

Won) Analog channel on-state input SES ae A 
current, during sample cycle Analog input at O V ae See 

fice’ Operating supply current, =| SS SatOV | Om 


lcc +!REF Supply and reference current VrReF+ = Vcc 
: Analog inputs 7 55 
Cj Input capacitance - 
Control inputs 


operating characteritics over recommended operating free-air temperature range, 


Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 2.048 MHz for TLC548 
or 1.1 MHz for TLC549 


oe aS TLC54 
PARAMETER TEST CONDITIONS —— = 
MIN TYPt MAX] MIN TYPt MAX 


SIND, UOTISINDOY e1eEGg By) 


is6 
(SB 
E: 
[Total access and conversion time | See Operating Sequence | _____12___22 
Channel acquisition time : 
tacq (ecunie- eves) See Operating Sequence 
Pi veweee Se 
: valid after I/O clock! 
output valid 
iis Monateimmrs 54s se ee 
See Parameter 
Measurement Information 


TAIl typicals are at Vcc = 5 V, Ta = 25°C. 
NOTES: 6. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. 
7. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
8. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
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PARAMETER MEASUREMENT INFORMATION 


Vcc 
1.4V 3kQ 
UNDER TEST jhinct veer TEST POINT 
Cc 3k2 CL 
OUTPUT TEST (SEE NOTE A)” ‘ (SEE NOTE A) “]~ 
UNDER TEST POINT = “= = 
(SEE NOTE B) (SEE NOTE B) 
CL 
(SEE NOTE A) ° 
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
tg, tr, AND ts tpz4 AND tpyz tpzi_ AND tp, z 
Vcc 


OUTPUT l 
WAVEFORM 1 
(SEE NOTE C) | 

l 


OUTPUT 
WAVEFORM 2 
(SEE NOTE C) 


e-— tPHZ —>| 
(SEE NOTE B) 


VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 


1/0 
CLOCK 


OUTPUT 


DATA 
OUTPUT 


VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 


NOTES: A. Cy = 50 pF for TLC548 and 100 pF for TLC549; C, includes jig capacitance. 
B. ten = tPZH OF tpZL, tdis = tPHZ OF tpLz- 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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PERIPHERAL WITH SERIAL CONTROL 


PRINCIPLES OF OPERATION 


The TLC548 and TLC549 are each complete data acquisition systems on a single chip. Each contains an internal 
system clock, sample-and-hold, 8-bit A/D converter, data register, and control logic circuitry. For flexibility and 
access speed, there are two control inputs: I/O Clock and Chip Select (CS). These control inputs and a TTL- 
compatible three-state output facilitate serial communications with a microprocessor or minicomputer. A 
conversion can be completed in 17 microseconds or less, while complete input-conversion-output cycles can 
be repeated in 22 microseconds for the TLC548 and in 25 microseconds for the TLC549. 


2 


The internal system clock and |/O clock are used independently and do not require any special speed or phase 
relationships between them. This independence simplifies the hardware and software control tasks for the device. 
Due to this independence and the internal generation of the system clock, the control hardware and software 
need only be concerned with reading the previous conversion result and starting the conversion by using the 
I/O clock. In this manner, the internal system clock drives the ‘‘conversion crunching”’ circuitry so that the control 
hardware and software need not be concerned with this task. 


When CS is high, the data output pin is in a high-impedance condition and the !|/O clock pin is disabled. This 
CS control function allows the I/O Clock pin to share the same control logic point with its counterpart pin when 
additional TLC548 and TLC549 devices are used. This also serves to minimize the required control logic pins 
when using multiple TLC548 and TLC549 devices. 


SINDIID uonisinboy ejleg 


The control sequence has been designed to minimize the time and effort required to initiate conversion and 
obtain the conversion result. A normal control sequence is: 


1. CS is brought low. To minimize errors caused by noise at the CS input, the internal Circuitry waits for 
two rising edges and then a falling edge of the internal system clock after a CS! before the transition 
is recognized. However, upon a CS rising edge, DATA OUT will go to a high-impedance state within 
the tdis specification even though the rest of the IC’s circuitry will not recognize the transition until 
the tsu(CS) specification has elapsed. This technique is used to protect the device against noise when 
used in a noisy environment. The most significant bit (MSB) of the previous conversion result will initially 
appear on the DATA OUT pin when CS goes low. 


2. The falling edges of the first four I/O clock cycles shift out the 2nd, 3rd, 4th, and 5th most significant 
bits of the previous conversion result. The on-chip sample-and-hold begins sampling the analog input 
after the 4th high-to-low transition of the I/O Clock. The sampling operation basically involves the charging 
of internal capacitors to the level of the analog input voltage. 


3. Three more I/O clock cycles are then applied to the I/O pin and the 6th, 7th, and 8th conversion bits 
are shifted out on the falling edges of these clock cycles. 


4. The final, (the 8th), clock cycle is applied to the I/O clock pin. The on-chip sample-and-hold begins the 
hold function upon the high-to-low transition of this clock cycle. The hold function will continue for 
the next four internal system clock.cycles, after which the holding function terminates and the conversion 
is performed during the next 32 system clock cycles, giving a total of 36 cycles. After the 8th I/O clock 
cycle, CS must go high or the I/O clock must remain low for at least 36 internal system clock cycles 
to allow for the completion of the hold and conversion functions. CS can be kept low during periods 
of multiple conversion. When keeping CS low during periods of multiple conversion, special care must 
be exercised to prevent noise glitches on the I/O Clock line. If glitches occur on the I/O Clock line, the 
I/O sequence between the microprocessor/controller and the device will lose synchronization. If CS 
is taken high, it must remain high until the end of conversion. Otherwise, a valid high-to-low transition 
of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1 
through 4 before the 36 internal system clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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LinCMOS™ 8-BIT ANALOG-TO-DIGITAL 
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PRINCIPLES OF OPERATION 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins sampling 
upon the high-to-low transition of the 4th I/O clock cycle, the hold function does not begin until the high-to-low 
transition of the 8th I/O clock cycle, which should occur at the moment when the analog signal must be converted. 


2 


The TLC548 and TLC549 will continue sampling the analog input until the high-to-low transition of the 8th # 
I/O clock pulse. The control circuitry or software will then immediately lower the I/O clock signal and start the “ 
holding function to hold the analog signal at the desired point in time and start conversion. .— 
Detailed information on interfacing to the most popular microprocessor is readily available from Texas Instruments. z 
2 
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D2982, FEBRUARY 1987 


ADVANCED LinCMOS™ Technology TLC1205 
J OR N DUAL-IN-LINE PACKAGE 


Self-Calibration Eliminates Expensive (TOP VIEW) 


Trimming at Factory and Offset Adjustment 
in the Field ANLG Vcc— []1 U 2a] DGTL Vcc 
IN— []2 23| ] 012/D7/0 (status) 


2 


12-Bit Plus Sign Unipolar or Bit Bipolar N+ Cle. ofl C1Z/DB/SARS 7 g 
+% and +1 LSB Linearity Error in Unipolar ANLG GND | j4 21| | 012/D5/0/DI5 % 
Configuration REF [| |5 | | 012/D4/0/D14 1/0 = 
: ; ANLG Vcc + L]6é 19| |} 011/D3/0/DI3 BUS © 
@ 10 us Conversion Time (Mode 2) Baa aS sat] D10/D2/BYST/DI2 a 
(clock = 2.6 MHz) CLK IN[]Js 171. ] 09/D1/EOC/DI1 ao) 
20 ws Conversion Time (Mode 1) WR [1g 16] |] D8/DO/INT/DIO 7 
(clock = 2.6 MHz) CEfho «wl}int = 
Compatible with All Microprocessors RD []11 = 14] READY OUT rox 
DGTL GND [}i2__ 13, ] STATUS o 
True Differential Analog Voltage Inputs og 
ee TLCO1225 © 
Oto5V Analog oe oe with Single 1 Cane Wea ee ACK ADE = 
5-V Supply (Unipolar Configuration) (TOP VIEW) QO 
@ -5V to 5 V Analog Voltage Range with ; 
+5-V Supplies (Bipolar Configuration) ‘igen Pau eC VCC 
Low Power... 25 mW Maximum IN+ L]3 D11 
Replaces National Semiconductor ADC1205 Riso hee = cy 
and ADC1225 in Mode 1 Operation ANLG Vcc + Le 58 
ek VOD |]7 D7 
description CLK IN Ts 06 Hh 
The TLC1205 and TLC1225 converters are WR []9 D5/DI5 
manufactured with Texas Instruments highly CS []10 D4/DI4 
efficient ADVANCED LinCMOS™ technology. RD [411 D3/DI3 
Either of the TLC1205 or TLC1225 CMOS DGTL GND [ }12 D2/DI2 
analog-to digital converters can be operated as READY OUT [ ]13 D1/DI1 
a unipolar or bipolar converter. A unipolar input INT []14 DO/DIO 
(0 to 5 V) can be accommodated with a single 
5-volt supply, while a bipolar input (—5 V to 5 V) requires the addition of a 5-volt negative supply. 
Conversion is performed via the successive-approximation method. The 24-pin TLC1205 outputs the 
converted data in two 8-bit bytes, while the TLC1225 outputs the converted data in a parallel word and 
interfaces directly to a 16-bit data bus. Negative numbers are given in the 2’s complement data format. 
All digital signals are fully TTL and CMOS compatible. — 
These converters utilize a self-calibration technique by which seven of the internal capacitors in the Li 
capacitive ladder of the A/D conversion circuitry can be automatically or manually calibrated. If the S 
converters are operated in Mode 1, one of the seven internal capacitors is calibrated during the first part Lu 
of the conversion sequence. For example, one capacitor is calibrated during the first conversion. The next cc 
capacitor is calibrated during the second conversion. If the converters are operated in Mode 2, the internal 0. 
capacitors are calibrated during a nonconversion, capacitor-calibrate cycle in which all seven of the internal . 
capacitors are calibrated at the same time. A Mode 2 conversion requires only 10 us (2.6 MHz clock) after pe 
the nonconversion, capacitor-calibrating cycle has been completed. The calibration or conversion cycle © 
may be initiated at any time by issuing the proper address to the data bus. The self-calibrating techniques eS 
eliminate the need for expensive trimming of thin-film resistors at the factory and provide excellent Q 
performance at low cost. Oo 
c 
ADVANCED LinCMOS"™ is a trademark of Texas Instruments Incorporated A. 
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functional block diagram 


MICROPROCESSOR 


NO 

a 
| 

| 
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| 

| 

| 

| 

| 

| 

| 

| 

| 

| 
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| 
| 
8-BIT SWITCH | 
ANLG Vcc — AL Seen CONTROL | 
O = 13-BIT DAC | 
ry) : | 
op 7 
= ace pookea | 8-BIT SAR 
> ) REGISTER 1 | 
2 REGISTER 2 Stir | 
fa DATA : 
a IN- ALU PATH | 
7 REF | 
fe] 8-WORD 
= CALIBRATION RAM 7 
EQ DAC ADDRESS | ADDRESS 
ae COUNTER | COUNTER 
© 1 2 
=e | 
=P 
a CLOCKS | 
INPUT DATA LATCHES | 
13-BIT CALIBRATION | 
CONTROL LOGIC : : | 
| 
13-BIT DATA LATCH 
| 
eae CONTROL : 
F ROM 
/O BUS | 
TLC1205: # = 8 
TLC1225: # = 13 
vos PROGRAM | 
a | ! COUNTER ! 
cs EP =i 
WR 
RD 
READY OUT 
ayEsue (TLC1205 ONLY) 


In Mode 1, these converters are replacements for National Semiconductor ADC1205 and ADC1225 
integrated circuits. The Mode 1 conversion time for guaranteed accuracy is 51 clock cycles. In the Mode 2 


“U0 operation, these devices are no longer true replacements. However, the Mode 2 conversion time for 
3 guaranteed accuracy is only 26 clock cycles. 
0 The TLC1205AM, TLC1205BM, TLC1225AM, and TLC1225BM are characterized for operation over the 
= full military temperature range of —55°C to 125°C. The TLC1205Al, TLC1205BlI, TLC1225Al, and 
‘eo TLC1225Bl are characterized for operation from —40°C to 85°C. 
sca 
im 8 | 
a 
< 
= 
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operation description 


calibration of comparator offset 


2 


The following actions are performed to calibrate the comparator offset: 


ts 


1. The IN+ and IN — inputs are internally shorted together in order that the comparator input is zero. 
A course comparator offset calibration is performed by storing the offset voltages of the 
interconnecting comparator stages on the coupling capacitors, which connect the interconnecting 
stages. Refer to Figure 1. The storage of offset voltages is accomplished by closing all switches 
and then opening switches A and A’, then switches B and B’, and then C and C’. This process 
continues until all interconnecting stages of the comparator are calibrated. After this action, some 
of the comparator offset still remains uncalibrated. 


ircui 


eas bes 


A B 


ar 
< 
Data Acquisition C 


a 
—- 


lene : leno i 


FIGURE 1 


2. An A/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR 
and the result is stored in the RAM. 


capacitor calibration of the ADC’s Capacitive Ladder 


The following actions are performed to calibrate capacitors in the 13-bit DAC’s, which comprise the ADC’s 
Capacitive ladder: 


1. The IN+ and IN — inputs are internally disconnected from the 13-bit capacitive DACs. 

2. The most-significant-bit (MSB) capacitor is tied to REF, while the rest of the ladder capacitors are 
tied to GND. The A/D conversion result for the remaining comparator offset, obtained in step 2 
above, is retrieved from the RAM and is input to the 8-bit DACs. 

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-bit DAC input is 
returned to zero and the remaining comparator offset is then subtracted. Thus, the comparator 
offset is completely corrected. 

4. Now the MSB capacitor is tied to GND, while Zin rest of the ladder capacitors, Cy , are tied to 
REF. An MSB capacitor voltage error (see Figure 2) on the comparator output will occur if the MSB 
Capacitor does not equal the sum of the other capacitors in the capacitive ladder. This error voltage 
is converted to an 8-bit word from which a capacitor error is computed and stored in the RAM. 

5. The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB 
Capacitor grounded and then performing the above Steps 1 - 4 while using the next most significant 
capacitor in lieu of the MSB capacitor. The seven most significant capacitors can be calibrated 
in this manner. 
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Vref (Step 3) 
GND (Step 4) 


Po, 


CmsB + ot Cx 


MSB CAPACITOR 
VOLTAGE ERROR 
(Step 4) 


Te) See 


GND (Step 3) 
Vre¢ (Step 4) 


FIGURE 2 


analog-to-digital conversion 
The following steps are performed in the analog-to-digital conversion process: 


1. Step 1 of the Calibration of Comparator Offset Sequence is performed. The A/D conversion result 
for the remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator 
Offset, is retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is 
completely corrected. 

2.IN+ and IN— are sampled onto the 13-bit capacitive ladders. 

3. The 13-bit analog-to-digital conversion is performed. As the successive-approximation conversion 
proceeds successively through the seven most significant capacitors, the error for each of these 
capacitors is recovered from the RAM and accumulated in a register. This register controls the 
8-bit DACs so the total accumulated error for these capacitors is subtracted out during the 
conversion process. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


M3lAaud LONaGOUd. 


Supply voltage (ANLG VCC + and DGTL Vcc) (see Note 1)................. 002.0 0005. 15:V 
CCPL CEN, Ee ee. Se eS RAR DUN LS Geb iw ee os ee BR oe -15V 
Control and Cock input vonheoe vanes <.o. fo. 8 eT ae ep ee -0.3Vto +15 V 
Analog input (IN+, IN—) voltage range, 

EAS RD ea on te tg als 4 RE US ee ANLG Vcc— —-90.3 V to ANLG Vcc+ + 0.3 V 
Reference voltage range, Vref .......-.-. 22ers —0.3 V to ANLG Vcc+ + 0.3 V 
Mode select volane range; VOS «i eo. oe See —0.3 V to ANLG Vcc + + 0.3 V 
Coeeeae Shree WAIN FPS ae OR woe. 0) 4 a oe BE Roe —0.3 V to DGTL Vcc + 0.3 V 
HaReECEROnE Ser hs OSC eee So 2 ee at. 6 POS ee ar ae Ce +5 mA 
Pr Ante (her OaeKere) SSS or ey bt Ge pe ee ee a a +20 mA 
Operating free-air temperature range: 

TLC1205AM, TLC12058M, TLC1225AM, TL1225BM |... 28 ee es - 55°C to 125°C 

TLOVACBRE- TECT20GCr TUCTS2ZGR; TLE T2208) osc SR ORE eG —40°C to 85°C 
Serie CAITR NI A MNROIE 5. 2 Sg bay ow NSH, SR SED ye boa eS ace wo wis ERS —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .......... 300 °C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package.......... 260°C 


Note 1: All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND. 
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recommended operating conditions 


ANLG Vcc + 
ANLG Vcc — —§.6 ANLG GND Vv 


2 


Supply voltage 


DGTL Vcc ies 
High-level input voltage, Vjp, all digital inputs except CLK IN 5 y - 
(Vcc = 4.75 V to 5.25 V) = 
Low level input voltage, Vj;, all digital inputs except CLK IN y — 
(Voc = 4.75 V to 5.25 V) © 
ANUG Voc- ~ 0.08 ANG Vcc + 0. 
Analog input voltage, Vj +, Vj— _ ae ce oe V S 
Unipolar range ANLG GND - 0.05 ANLG Vcc + + 0.05 dene 
Clock input frequency, feigck 0.3 2.6 "D 
Clock duty cycle 40% 60% ; eee ‘Ss 
Pulse duration,CS and WR both low, tw (C5-WR ee eae 
Setup time before WRt or CSI, tey pe ee Se ee 
Hold time after WRT or CSt, t 
h ps | 8 
TLC1205AM, TLC1225AM 55 125 co 
' TLC1205BM, TLC1225BM a) 
Operating free-air temperature, Ta oC 
TLC1205Al, TLC1225AI 
-—40 85 
TLC1205BI, TLC1225B! 
electrical characteristics over recommended operating free-air temperature range, | 
ANLG Vcc+ = DGTL Vcc = Vref = 5 V, ANLG Vcc— = —5 V (for bipolar input range), 
ANLG Vcc— = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 1) 
PARAMETER TEST CONDITIONS | MIN = MAX |_UNIT 
: io=-1emAl 24. 
VOH High-level output voltage DGTL Vcc = 4.75 V Vv 
io= -80"A| 45 id 
VOL Low-level output voltage DGTL Vcc = 4.75 V, Io = 8mA See Se 
VT+ Clock positive-going threshold voltage Ny hats of eres Cae Ste) ras 3.5 
Vr. Clock negative-going threshold voltage eS ea EON SPOS Se AS ee apt tS 1.4 21 
Vramin ~ Vr_— Oe oe at 
Vhys Clock input hysteresis tS a us — V 
VTsmax — VT —min 
Pret input resistance, REF terminal eee ee ty, Sa A 
7 High-level input current wen a 
i Low-level input current ewes ee ee 
High-impedance-state Lots eee 
output leakage current he i oa re 
cee UE PRISE % 
DGTL Icc Supply current from DGTL Vcc folk = 2.6 MHz, CS high S 
ANLG Icc+ Supply current from ANLG Vcc + folk = 2-6 MHz, CS high ee ee Lu 
ANLG icc Supply current from ANLG Vcc- | fox = 2.6MHz, CS hi oc 
NOTE 1: Bipolar input range is defined as: Vj, = —5.05Vto +5.05V, Vj_ = —5.05 V to +5.05 V, and |Vj4 —- Vj_| s 5.05 V. ine 
The unipolar input voltage range is defined as: Vj, = —0.05 V to 5.05 V, Vj. = —0.05 V to 5.05 V, pase 
and |Vi4. — Vi_| s 5.05 V. © 
0. 
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operating characteristics over recommended operating free-air temperature range, 

ANLG Vcc+ = DGTL Vcc = Vref = 5 V, ANLG Vcc—- = —5 V (for bipolar input range), 
ANLG Vcc — = ANLG GND (for unipolar input range), felock = 2.6 MHz (unless otherwise noted)(see 
Note 1) 


PARAMETER TEST CONDITIONS 
: , TLC1205A, TLC1225A 
Unipolar input range 
TLC1205B, TLC1225B 
TLC1205A, TLC1225A 


Bipolar input range 
TLE 12056, TECH2258 

Adjusted positive and negative ‘ ‘ 

Unipolar input range 
full-scale error (see Note 2) 
Adjusted positive and negative : : 

Bipolar input range 
full-scale error (see Note 3) 


2 


Linearity error 


Temperature coefficient of gain 
Temperature coefficient of offset point 


— - ANLG Vcc + = 5V + 5%, 
Supply voltage | Positive and negative 
S oie. ANLG Vcc- = -5V + 5%, 
sensitivity full-scale error 
; DGTL Vcc = 5V + 5% 
a 
t Conversion time 
Soho SaaS Eee ae ea ee SS eee 


Cc 
’ Access time (delay from falling edge of aot 
2 CS-RD to data output) L* 


bia Disable pak igi (delay from rising Ru Cy = 10 pF 
edge of RD to high-impedance state Ri = Ci = 100 pF 
[tyREADY) FD or WRtoREADYOUTdelay | 
taunt) “AD orWRtoresetofNTdelay | 
NOTES: 1. Bipolar input range is defined as: Vj; = —5.05Vto +5.05V,V;_ = —5.05Vto +5.05V, and |V;4 — Vj_.| < 5.05 V. 
The unipolar input voltage range is defined as: Vj4 = —0.05 V to 5.05 V, Vj_ = —0.05 V to 5.05 V, ‘ 
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and |Vi+ -— Vj—| s 5.05 V. 
2. See section — Positive and Negative Full-Scale Adjustment, Unipolar Inputs. 
3. See section — Positive and Negative Full-Scale Adjustment, Bipolar Inputs. 


MalAddd LONGOYd 


sundae TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


PRODUCT TLC1205A, TLC1205B8, TLC1225A, TLC1225B 
PREVIEW SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DIGITAL CONVERTERS 


CONVERSION 


CALIBRATE 
CALIBRATE 
OFFSET 
AND ONE 


OFFSET 
AND ONE 
CAPACITOR 
ig CAPACITOR 
oxm EF LS Lt Lai tra tA ti 
Se e@ se @@eeee . ee 
0 1 26 35 51 0 1 26 


28 
[OT mics at twiCS-WR) 


INPUT 
SAMPLING 


i] 

| \¢—ta(READY) if 2nd byte of 

tdiREADY) | TLC1205 is read 
i] 

” ies 


READY OUT Fi % # fa % " : 


| 
| 
| 
| 
| II ' ' 1 
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Data Acquisition Circuits nN 


| 
| 
| 
K@—td(READY) 


INT 


BES: og On TOON, SNS 
* 


CS stays low to address 
l 2nd byte of TLC1205 
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FIGURE 3. MODE 1 TIMING DIAGRAM 
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CONVERSION 
et > INPUT INPUT 
SAMPLING SAMPLING 
CLK IN eR eee LEE 
[FF wics- S-WR) kt} wes S-WR) ar twiCS-WR) 


| 
| | t 

: > it tg(READY) “Ie ‘diREADY) 

| td(READY) 

| 


| if 2nd byte of 
—> i@ ta(READY) TLC1205 is read 
:.4 
| 


| | i 
| —-®  tiREADy) 
ta(READY)—- 

1 

| 

| 

| 


| ta(iNT) 


2s eG 
< 
) 
> 
< 
Ber uch ee etek eee 
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| 
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| 


| 
to address 2nd byte 
\ of TLC1205 
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FIGURE 4. MODE 2 TIMING DIAGRAM 
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PARAMETER MEASUREMENT INFORMATION 


DGTL 
Vcc 
aD DATA — 
OUTPUT aut 
bit : RL tdis 
+ st 1 VOH 7 90% 
= = = DATA OUTPUT 
DGTL we te Oe as 
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Vcc ———_ 
RD DATA RD 50% # 90% 
OUTPUT Gis 10% 
CL 
‘ tdis 
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= = DATA OUT 
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FIGURE 5. LOAD CIRCUITS AND WAVEFORMS 


PRINCIPLES OF OPERATION 


The following information is categorized into Mode 1 and Mode 2 groupings to allow the designer to 
concentrate on a particular mode of interest 


power-up calibration sequence 


Mode 1 


When the chip is powered-up, the internal capacitors are automatically calibrated as part of the power-up 
sequence. This initial calibration sequence requires 105 clock cycles. The chip will not perform an A/D 
conversion during this calibration sequence. 


Mode 2 


Power-Up calibration is not automatic and calibration is initiated by writing control words to the six least 
significant bits of the data bus. If addressed or initiated, conversion can begin after the first clock cycle. 
However, full A/D conversion accuracy is not guaranteed until after internal capacitor calibration. 


conversion start sequence 


Mode 1 


The conversion sequence is initiated when CS and WR are both low. 


Mode 2 


The writing of the conversion command word to the six least significant bits of the data bus, when either 
CS or WR goes high, initiates the conversion sequence. 
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analog sampling sequence 


Mode 1 
Sampling of the input signal occurs during clock cycles 29 thru 35 of the conversion sequence. 


2 


Mode 2 


Sampling of the input signal occurs during clock cycles 4 thru 10 of the conversion sequence. 


completed A/D conversion 


When INT goes low, conversion is complete and the A/D result can be read. A new conversion can begin 
immediately. 


Mode 1 


The A/D conversion is complete at the end of clock cycle 51 of the conversion sequence. 


Mode 2 


The A/D conversion is complete at the end of clock cycle 26 of the conversion sequence. 
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aborting a conversion in process and beginning a new conversion 


Mode 1 and Mode 2 


If a conversion is initiated while a conversion sequence is in process, the ongoing conversion will be aborted 
and a new conversion sequence will begin. 


Mode 1 


lf the new conversion is started before the Analog Sampling begins (see Analog Sampling Sequence section 
and the Mode 1 Timing Diagram), the particular internal capacitor that was being calibrated during the 
aborted conversion sequence will be calibrated during the new conversion sequence. Otherwise, the next 
internal capacitor will be calibrated during the new conversion sequence. 


reading the conversion result 


TLC1205 


Upon activating the required control signals to read the conversion result or status information, the 
appropriate pins are brought out of a high-impedance state and drive the data bus with the proper 
information. These pins are D12/D7/0 through D8/DO/INT/DIO. 


lf STATUS, CS, and RD are all low, status information can be read. The format of the conversion result 
and status information and the respective pins for output are presented in Table 1. 
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TABLE 1 


/O BUS 
D12/ D11/ 
BYTES | STATUS D4/ D3/ 
0/ 0/ 
DI4 DI3 


MSB H L S 
LSB H L th 
STATUS : L L 


The status information is described in Table 2. 


TABLE 2 


STATUS 
he BIT DESCRIPTION TO CLEAR BIT 


The output has no meaning and is low. 
A high indicates that conversion is in progress. 


A low indicates that the next conversion result read will be the By a ‘’status write’’ or toggled by reading a 
most significant conversion byte. A high indicates that the next conversion data byte 

conversion result read will be the least significant conversion byte. 

The BYST bit is toggled by reading the conversion result bytes. This 

bit can be cleared with a “’status write’’ instruction. 


A high indicates that conversion is complete and the conversion 
data has been transferred to the output latch. 


A high indicates that conversion is complete and the conversion By reading a conversion data byte, reading 


data has been transferred to the output latch and is ready to read. the status byte, or a ‘’status write”’ 


With STATUS high, when CS and RD both go low, the most significant byte (MSB) of the conversion result 
can be read. Then by taking RD high and back low, the least significant byte (LSB) of the conversion 
result can be read. Subsequently taking RD high and low causes the alternate reading of the MSB and LSB 
of the conversion result. 


The format of the output is extended sign with 2’s complement, right justified data. For both unipolar and 
bipolar cases, the sign bit D12 is low if Vj + — V|_— is positive and high if Vj+ — V|— is negative. The 
format of the conversion result and the respective output pins are presented in Table 2. The format of 
the conversion result and the respective pins for output are presented in Table 1. 


TLCO1225 


When both CS and RD go low, all 13 bits of conversion data are output to the I/O bus. The format of 
the output is extended sign with 2’s complement, right justified data. Unlike the TLC1205, the TLC1225 
does not have internal status information or a STATUS pin. For both unipolar and bipolar cases, the sign 
bit D12 is low if Vi+  — Vj— is positive and high if Vj+ — V|— is negative. 
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reset INT 


When reading the conversion data, the falling edge of the first low-going combination of CS and RD will 
reset INT. The falling edge of the low-going combination of CS and WR will also reset INT. 


ready out 


For high-speed microprocessors, READY OUT allows the TLC1205 and the TLC1225 to insert a wait state 
in the microprocessor’s read cycle. 


status write (TLC1205) 


A status write resets the internal logic and status bits and aborts any conversion in process. A status write 
occurs when CS, WR, and STATUS are taken low. 


reference voltage (Vref) 


This voltage defines the range for |Vj+ — Vj—|.When |Vj+ — Vj—| equals Vref, the highest conversion 
data value results. When |Vi+ — v;_| equals O, the conversion data value is zero. Thus, for a given 
input, the conversion data changes ratiometrically with changes in Vref. 


Vos 


This pin is a digital input and is used to select Mode 1 or Mode 2 operation. A logic low selects Mode 1; 
a logic high selects Mode 2. 


In Mode 1, the ICs are true replacements for National Semiconductor’s ADC1205 and ADC1225. The 
ADC1205 and ADC1225 use the VOS pin to adjust zero error. Since the zero error adjustment voltage 
is below the TLC1205’s and TLC1225’s maximum acceptable level for a logic low signal, the TLC1205 
and TLC1225 ICs are true replacements. Even in Mode 1, the TLC1205’s and TLC1225’s converted data 
can be read earlier than the ADC1205’s and ADC1225’s. 


calibration and conversion considerations 
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Mode 1 


7 


Calibration of the seven internal capacitors is an integral part of the A/D conversion. One of the seven 
internal capacitors is calibrated during the first part of the conversion sequence. For example, one of the 
capacitors is calibrated during the first conversion. The next capacitor is calibrated during the second 
conversion. After seven conversions, the pattern for calibrating the internal capacitors repeats. A conversion 
sequence requires 51 clock cycles. 


A conversion is initiated by the low-going combination of CS and WR. The conversion sequence is 
illustrated in the Mode 1 timing diagram. 


Mode 2 


Calibration of the internal capacitor and A/D conversion are two separate actions. Each action is 
independently initiated. Mode 2 conversion is much faster than Mode 1, since Mode 2 conversion is not 
accompanied by the calibration of internal capacitors. In Mode 2, a calibration command that calibrates 
all seven internal capacitors is normally issued first. A conversion command then initiates the A/D conversion 
without calibrating the internal capacitors. Subsequent conversions can be performed by issuing additional 
conversion commands. The calibration and conversion commands are totally independent from one another 
and can be initiated in any order. Calibration and conversion commands require 105 and 26 clock cycles, 
respectively. 
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The calibrate and conversion commands are initiated by writing control words on the six least significant 
bits of the data bus. These control words are written into the IC when either CS or WR goes high. The 
initiation of these commands is illustrated in the Mode 2 Timing Diagram. The bit patterns for the commands 
are shown in Table 3. 


2 


TABLE 3. MODE 2 CONVERSION COMMANDS ” 

aged 

igs BS i a 

COMMAND cS + WA 1/0 BUS Required number 5 

DIS D4 DIZ DI2 ODI1- ODIO of clock cycles — 

Poe eee ee rs) 

ake See ioe ier ee eae © 

tT Calibration is lost when clock is stopped. = 

2 

analog inputs =. 
Oo 

differential inputs provide common mode rejection <f 
The differential inputs reduce common-mode noise. Common-mode noise is noise common to both IN + s 
and IN — inputs, such as 60-Hz noise. There is no time interval between the sampling of the IN+ and IN — QO 


so these inputs are truly differential. Thus, no conversion errors result from a time interval between the 
sampling of the IN+ and IN — inputs. 


input bypass capacitors 


Input bypass capacitors may be used for noise filtering. However, the charge on these bypass capacitors 

will be depleted during the input sampling sequence when the internal sampling capacitors are charged. 
Note that the charging of the bypass capacitors through the differential source resistances must keep pace “ 
with the charge depletion of the bypass capacitors during the input sampling sequence. Note that higher 
source resistances reduce the amount of charging current for the bypass capacitors. Also, note that fast, 
successive conversion will have the greatest charge depletion effect on the bypass capacitors. Therefore, 

the above phenomenon becomes more significant as source resistances and the conversion rate (i.e., higher 
clock frequency and conversion initiation rate) increase. 


In addition, if the above phenomenon prevents the bypass capacitors from fully charging between 
conversions, voltage drops across the source resistances will result due to the ongoing bypass capacitor 
charging currents. The voltage drops will cause a conversion error. Also, the voltage drops increase with 
higher |Vj+ — Vj_| values, higher source resistances, and lower charge on the bypass capacitors 
(i.e., faster conversion rate). 


For low-source-resistance applications (Rsgurce < 1002), a 0.001-nF bypass capacitor at the inputs will 
prevent pickup due to the series lead inductance of a long wire. A 100-ohm resistor can be placed between 
the capacitor and the output of an operational amplifier to isolate the capacitor from the operational amplifier. 


input leads 


The input leads should be kept as short as possible, since the coupling of noise and digital clock signals 
to the inputs can cause errors. 


power supply considerations 


Noise spikes on the Vcc lines can cause conversion error. Low-inductance tantalum capacitors (> 1 pF) 
with short leads should be used to bypass ANLG Vcc and DGTL Vcc. A separate regulator for the TLC1205 
or TLC1225 and other analog circuitry will greatly reduce digital noise on the supply line. 
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positive and negative full-scale adjustment 
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unipolar inputs 


Apply a differential input voltage that is 0.5 LSB below the desired analog full-scale voltage (VFS) and 
adjust the magnitude of the REF input so that the output code is just changing from O 1111 1111 1110 
to0 1111 1111 1111. If this transition is desired for a different input voltage, the reference voltage can 
be adjusted accordingly. 


bipolar inputs 
First, follow the procedure for the Unipolar case. 


Second, apply a differential input voltage so that the digital output code is just changing from 
1 0000 0000 0001 to 1 0000 0000 0000. Call this actual differential voltage Vx. The ideal differential 
voltage for this transition is: 


. VFS. 
VFS + 3799 (1) 


The difference between the actual and ideal differential voltages is: 


Me ar ies VES 
Delta = Vx — (-—VeFs + 8199) (2) 


Then apply a differential input voltage of: 


Delta 


(3) 


and adjust Vref so the digital output code is just changing from 1 0000 0000 0001 to 1 0000 0000 0000. 
This procedure produces positive and negative full-scale transitions with symmetrical minimum error. 
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TYPICAL APPLICATIONS 


(4095) 0 1111 1111 1111 


(4094) 0 1111 1111 1110 POSITIVE 
FULL-SCALE 
TRANSITION 
ZERO TRANSITION > - 
- 
- 
- 
- 


= (2) © 0000 0000 0010 
fe) (1) 0 0000 0000 0001 
= (0) 0 0000 0000 0000 
~ 
= — Vref 1.1111 :1111 1111 (-1) + Vref 
3 11111 1111 1110 (-2) 
ee. 
- 
- 
a 
ad 
-_ 
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1 0000 0000 0001 (- 4095) 


NEGATIVE FULL-SCALE TRANSITION 1 0000 0000 0000 ( - 4096) 


ANALOG INPUT VOLTAGE [Vin( +) — Vini—)) 
FIGURE 6. TRANSFER CHARACTERISTIC 


(Y) SIGNAL IN 


SEE NOTE A 


NOTE: A. The analog input must have some current return path to ANALOG GND. 
B. Bypass capacitor leads must be as short as possible. 


FIGURE 7. ANALOG CONSIDERATIONS 
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TYPICAL APPLICATIONS (Continued) 


5V 


IN( +) ANLG Vcc + 


TLC1205 
TLC1225 


FIGURE 8. INPUT PROTECTION 


5V 


VXDR 
SEE NOTE 
500 2 
ZERO IN(—) SEE NOTE A 
ADJ 


IN( +) ANLG Voc + 


DGTL Vcc 


TLC1205 
TLS1225 


NOTE: A. Vj— = 0.15 x ANLG Vcc. 
B. 15% of ANALOG Vcc < Vxpr < 85% of ANALOG Vcc. 


FIGURE 9. OPERATING WITH RATIOMETRIC TRANSDUCERS 
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D2859, DECEMBER 1985—REVISED OCTOBER 1986 


LinCMOS™ Technology N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


INPUT AO [J1 200] Vcc 


10-Bit Resolution A/D Converter 


e i i s 
pec eee Peripheral or Stand-Alone INPUT A1 12 19f] SYSTEM CLOCK 
P INPUT A2(]3 _—_18[.] 1/0 CLOCK 
@ On-Chip 12-Channel Analog Multiplexer INPUT A3 []4 ~—_ 171 ] ADDRESS INPUT 
‘ INPUT A4 | {5 16] | DATA OUT 
e - - aes 
Built-In Self-Test Mode INPUT AS [le ish] CS 
® Software-Controllable Sample and Hold INPUT A6 []7 14] |] REF + 
: INPUT A7 L]j8 13] | REF— 
@ Total Unadjusted Error... M4 E 


INPUT A8 [j9 12] | INPUT A10 


TLC1540: +0.5 LSB Max GND Tho =F] INPUT ag 


TLC1541: +1.0 LSB Max 


@ Pinout and Control Signals Compatible with 


TLC540 and TLC549 Families of 8-Bit A/D FN CHIP CARRIER PACKAGE 


Data Acquisition Circuits Bp2 


(TOP VIEW) 
Converters 
x 
rs) 
TYPICAL PERFORMANCE ot 
5 as : Ne © 

Channel Acquisition Sample Time 5.5 us aaa s 
Conversion Time 21 us a ro 
Samples per Second 32x 103 a ee rx 2 
Power Dissipation 6 mW S22 > in 
eS 24 9 


description INPUT A3 4 18L] 1/0 CLOCK 


The TLC1540 and TLC1541 are LinCMOS™ A/D INPUT A4 5 17U ADDRESS INPUT 
peripherals built around an 10-bit switched- INPUT A5 6 16U] DATA OUT 
Capacitor successive-approximation A/D INPUT A6 |} 7 1s) CS 

converter. They are designed for serial interface INPUT A7 {)8 14Uj REF + 


to a microprocessor or peripheral via a three- = = 
state output with up to four control inputs CAMO |, 
[including independent System Clock, I/O Clock, oe 
Chip Select (CS), and Address Input]. A 2 25 c 
2.1-megahertz system clock for the TLC1540 = 25 


and TLC1541, with a design that includes 

simultaneous read/write operation, allows high- 

speed data transfers and sample rates of up to 

32,258 samples per second. In addition to the 

high-speed converter and versatile control logic, there is an on-chip 12-channel analog multiplexer that 
can be used to sample any one of 11 inputs or an internal ‘‘self-test’’ voltage, and a sample-and-hold that 
can operate automatically or under microprocessor control. Detailed information on interfacing to most 
popular microprocessors is readily available from the factory. 


The converters incorporated in the TLC1540 and TLC1541 feature differential high-impedance reference 
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply 
noises. A totally switched-capacitor design allows guaranteed low-error conversion (+0.5 LSB for the 
TLC1540, +1 LSB for the TLC1541) in 21 microseconds over the full operating temperature range. 


The TLC1540 and the TLC1541 are available in both the N and FN plastic packages. The M-suffix versions 
are characterized for operation from —55°C to 125°C. The I-suffix versions are characterized for operation 
from —40°C to 85°C. 


LinCMOS is a trademark of Texas Instruments Incorporated 


Copyright © 1985, Texas Instruments Incorporated 
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functional block diagram 


REF+ REF— 


Zz 


10-BIT 


9 wenaiee ANALOG-TO-DIGITAL 
oS CONVERTER 
o (SWITCHED-CAPACITORS) 
a 12-CHANNEL 
2 ANALOG ANALOG 
a INPUTS MULTIPLEXER 
a OUTPUT 10-TO-1 DATA ae 
= DATA SELECTOR AND  Aiepiie 
roy INPUT REGISTER DRIVER 
= ADDRESS 
° REGISTER 
=. 
i?) 
ec. 4 
o SELF-TEST CONTROL LOGIC 
REFERENCE AND I/O 
COUNTERS 
ADDRESS INPUT 
INPUT MULTIPLEXER 
1/0 Si 
CLOCK 
cs 
SYSTEM 
CLOCK 
operating sequence 
[fe foatesies [ool <2: fat os] 20 | + f2 as] «fs fe 7 fs 4-0 | 40 


Vee —e tS ULL Sow fear 
sa : ACCESS__»! 
ah 


14 ACCESS 6 SAMPLE pg try <p ig— a SAMPLE 
| 


a ! cyceteB | | CYCLEB | (See Note A) 1 CYCLEC | ; CYCLEC 
ADDRESS — a DON’T CARE ek rs DON’T CARE 
input 77483 X82K 81X80) O.O.@.@ 
DATA Hee RATE STATE 
out ASK AEKATKASK AS KAA K ASK AZ KATY AO) 29X88 X 87 86) 85 X 84X 83K 82K 81 80K) 
¢———— PREVIOUS CONVERSION ip Naan eng ; <4—__—__ CONVERSION DATA B S-acheaog 
MSB LSB MSB MsB LSB MSB 


(See Note B) 


NOTES: A. The conversion cycle, which requires 44 System Clock periods, is initiated on the 10th falling edge of the I/O Clock! after 
CS! goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O Clock 
must remain low for at least 44 System Clock cycles to allow conversion to be completed. 

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining 
nine bits (A8-AO) will be clocked out on the first nine I/O Clock falling edges. 

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after 
a chip-select falling edge is detected before responding to control input signals. Therefore, no atternpt should be made to 
clock-in address data until the minimum chip-select setup time has elapsed. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Suppor VolLees, “Vee (see Notes rion ae ees ee) wae. ee eo, hr on 6.5 V 
Witt UOneee AAOOOABNY WIDULE : -<sscee las cue teceaes acs Ss bso va wea -0.3 Vto Vcc + 0.3 V 
AUER Ne IR. coo cere ate Oo esa ee ee Pees A oo Re -0.3 V to Vcc + 0.3 V 
PORK INDUL Current faring (Ony INDete fis fi aa se aw Ui ae hens IR eee +10mA 
Pen Total init Currier del Wipeiees oo re es inter er eI eee Sy oe +30 mA 
Operating free-air temperature range: TLC1540l1, TLC15411.................. —- 40°C to 85°C 

EE Te SA a a —-§5°C to 126°C 
SSLOrege: Tamir Ati TONGE. 30... ace nsw ao en sca = She ak we nen A AR ede -65°C to 15050 
Case temperature for10 seconds: FIN-package.. 6 5 pent ee bse ee ibn 260°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package.......... 260°C 


NOTE 1: All voltage values are with respect to digital ground with REF — and GND wired together (unless otherwise noted). 


recommended operating conditions 


TLC1540, TLC1541 
UNIT 


Supply voltage, Vcc ' 4.75 5 5.5 


Positive reference voltage, Vpef+ (see Note 2) : Vec  Vccto.1 
Negative reference voltage, Vpfr— (see Note 2) 
Differential reference voltage, VR—eF+ — VReF— (see Note 2) 


Data Acquisition Circuits i) 


Vcc Vect0.2 
Analog input voltage (see Note 2) 

High-level control input voltage, Vjy 

Low-level control input voltage, Vj, 

Setup time, address bits before I/O CLKT, tsy(a) 
Hold time, address bits after 1/O CLKT, tha) 


N 

w N]Ol|— a 
< 
2) 
oO 


” 
+ <|<| <<) <| <j) < 


Setup time, CS low before clocking in first address bit, tsy(¢s) (see Note 3) 


CS high during conversion, twH(CsS) 


Input/Output clock frequency, fc. K(\/0) 


System clock frequency, fCLK(SYS) FCLK(I/O) 
ystem clock high, twH(SYS) 


System clock low, twL(SYS) Se). HEP aA 


Input/Output clock high, twHiI/O) ee ete ee rn 
Input/Output clock low, tw1(I/0) BE. ae AS 
System CLK(SYS) z 
jcLKisys) > 1048 KHz ee ee ee 


Se ee eee 1 
FeLKivo) > 826 Ke Gms. eames ss 
Ru a RIS! | eee | a Ge 


NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ‘’1’’s (11111111), while input voltages less than that 
applied to REF — convert as all ‘‘0’’s (QOOO0000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less) 
after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made 
to clock-in an address until.the minimum chip select setup time has elapsed. 

4. This is the time required for the clock input signal to fall from Vj min to Vi_ max or to rise from Vi_ max to Vip min. In 
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 microseconds 
for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling 
microprocessor. 


N 
—_ 


Clock transition time 
(see Note 4) 


Operating free-air 


temperature, Ta 
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electrical characteristics over recommended operating temperature range, VCC = VREF+ = 
4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 1.1 MHz, fCLK(SYS) = 2.1 MHz 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 


VOH High-level output voltage (pin 16) Vcc = 4.75 V, loH = 360 yA 
VOL Low-level output voltage Vcc = 4.75 V, lo. = 3.2 mA 


' Off-state (high-impedance state) Vo = Vcc. CS at Vcc OS Fe ae A 


2 


Selected channel at O V, 0.4 1 
Unselected channel at Vcc ; 
lcc + IREF Supply and reference current VREF+ = VCC: CS at OV Ey a bond 


: Analog inputs 
OF Input capacitance . 
Control inputs 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V, fCLK(I/O) = 1-1 MHz, fCLK(SYS) = 2.1 MHz 


TLC1540 
PARAMETER TEST CONDITIONS UNIT 


(58 
(SB 


Self-test output code Input A11 add 1011 (See Note 8) Ee et ae me 
- utput co npu ress = ee Note 
‘ (500) (524) 


Total access and 
; ; See Operating Sequence = 
conversion time 


Channel acquisition time 
(sample cycle) 
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tacq See Operating Sequence 


Time output data 


ty remains valid after 

1/0 clock! 

ty Delay time, !/O clock! 
to data output valid 


ten Output enable time 
tdis Output disable time 
tr(bus) Data bus rise time 
tf(bus) Data bus fall time 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ‘’1’’s (11111111), while input voltages less than that 
applied to REF — convert to all’’O’’s (QOOOO0000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 
5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error comprises linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated 
and is used for test purposes. 


See Parameter 
Measurement 
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ADVANCE | TLO1540M, TLC15401, TLC1541M, TLC15411 
INFORMATION LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


electrical characteristics over recommended operating temperature range, VCC = VREF+ = 
4.75 V to 5.5 V (unless otherwise noted), fCLK(I/O) = 1.1 MHz, fCLK(SYS) = 2.1 MHz 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 


i loH = 360 pA 


lcc + IReF Supply and reference current VrREF+ = Vcc. CS at OV 


: Analog inputs 
Cj Input capacitance 3 
Control inputs 


operating characteristics over recommended operating free-air temperature range, 
Vcc = VREF+ = 4.75 V to 5.5 V, fCLK(I/O) = 1.1 MHz, fCLK(SYS) = 2.1 MHz 


PARAMETER TEST CONDITIONS UNIT 


E: 
See Notes 2 and 6 


Full-scale error See Notes 2 and 6 LSB 


Total unadjusted error (38 


0111110100 1000001100 
Self-test output code Input A11 address = 1011 (See Note 8) 
(500) (524) 


Total access and : 
; . , See Operating Sequence 
conversion time 


Channel acquisition time 


t See Operating Sequence 
it (sample cycle) — 


Time output data 


ty remains valid after 
1/0 clock 


to data output vaiid 


tr(bus) Data bus rise time 
tf(bus) Data bus fall time 


tT All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ‘’1’’s (11111111), while input voltages less than that 
applied to REF— convert to all’‘0’’s (QOOOO000). For proper operation, REF + voltage must be at least 1 volt higher than 
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts. 
5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 
between 11111111 and the converted output for full-scale input voltage. 
7. Total unadjusted error comprises linearity, zero, and full-scale errors. 
8. Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated 
and is used for test purposes. 


See Parameter 
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TLC1540M, TLC15401, TLC1541M, TLC15411 | \ ADVANCE 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS INFORMATION 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


1.4V 


Vcc 
3kQ See 
OUTPUT TEST OUTPUT sae Sie saad OUTPUT eeepoaiee 
UNDER TEST POINT UNDER TEST UNDER TEST 
CL CL 3kQ CL 
(SEE NOTE A) “ ; (SEE NOTE A) i 1 (SEE NOTE A) = 
= (SEE NOTE B) (SEE NOTE B) 
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
tg, tr, AND tr tpzH AND tpyz tpz_ AND tp, z 
Vcc 
cs 50% 
S| Carey SRS ae IS — ov 
SYSTEM 
CLOCK 


OUTPUT Vcc 
WAVEFORM 1 (SEE NOTE B) 
Ce rn a aR ae ett OV 

—>| tPZHe— —>| tPHz ke— 
| | 

OUTPUT 30% VOH 
WAVEFORM 2 50% 
(SEE NOTE C) OV 


VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 


//O 
OUTPUT { | 
l 5. Gane Fay, 
ae | east 
tt ie >| ets 
DATA 
OUTPUT 
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR 


RISE AND FALL TIMES 


NOTES: A. Cy = 50 pF 
B. ten = tPZH OF tPZL, tdis = tPHZ OF tpLz- 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
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ADVANCE TLC1540M, TLC15401, TLC1541M, TLC15411 
INFORMATION LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation 


The TLC1540 and TLC1541 are both complete data acquisition systems on single chips. Each includes 
such functions as sample-and-hold, 10-bit A/D converter, data and control registers, and control logic. 
For flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, 
1/O Clock, and System Clock. These control inputs and a TTL-compatible three-state output are intended 


2 


for serial communications with a microprocessor or microcomputer. The TLC1540 and TLC1541 can 2 
complete conversions in a maximum of 21 microseconds, while complete input-conversion-output cycles ‘Ss 
can be repeated at a maximum of 31 microseconds. Oo 
The System and I/O Clocks are normally used independently and do not require any special speed or phase “4 
relationships between them. This independence simplifies the hardware and software control tasks for 
the device. Once a clock signal within the specification range is applied to the System Clock input, the as 
control hardware and software need only be concerned with addressing the desired analog channel, reading ‘Oo 
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will ‘3 
drive the ‘‘conversion crunching” circuitry so that the control hardware and software need not be concerned a 
with this task. x 
When CS is high, the Data Output pin is in a three-state condition and the Address Input and I/O Clock & 
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a Oo 


control logic point with their counterpart pins on additional A/D devices when additional TLC 1540/1541 
devices are used. In this way, the above feature serves to minimize the required control logic pins when 
using multiple A/D devices. 


The control sequence has been designed to minimize the time and effort required to initiate conversion 
and obtain the conversion result. A normal control sequence is: 


1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits 
for two rising edges and then a falling edge of the System Clock after a low CS transition, before the 
low transition is recognized. This technique is used to protect the device against noise when the 
device is used in a noisy environment. The MSB of the previous conversion result will automatically 
appear on the Data Out pin. 

2. Anew positive-logic multiplexer address is shifted in on the first four rising edges of the I/O Clock. 
The MSB of the address is shifted in first. The negative edges of these four I/O Clock pulses shift 
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The 
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling 
edge. The sampling operation basically involves the charging of internal capacitors to the level 
of the analog input voltage. 

3. Five clock cycles are then applied to the I/O pin and the sixth, seventh, eighth, ninth, and tenth 
conversion bits are shifted out on the negative edges of these clock cycles. 

4. The final tenth clock cycle is applied to the I/O Clock pin. The falling edge of this clock cycle 
completes the analog sampling process and initiates the hold function. Conversion is then performed 
during the next 44 System Clock cycles. After this final 1/O Clock cycle, CS must go high or the 
1/O Clock must remain low for at least 44 System Clock cycles to allow for the conversion function. 


CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple 
conversion, special care must be exercised to prevent noise glitches on the I/O Clock line. If glitches occur 
on the I/O Clock line, the |1/O sequence between the microprocessor/controller and the device will lose 
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise, 
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress. 


A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 
1 through 4 before the 44 System Clock cycles occur. Such action will yield the conversion result of the 
previous conversion and not the ongoing conversion. 
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TLC1540M, TLC1540i, TL€1541M, TLC15411 ADVANCE 
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS INFORMATION 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation (continued) 


It is possible to connect the System and I/O Clock pins together in special situations in which controlling 
circuitry points must be minimized. In this case, the following special points must be considered in addition 
to the requirements of the normal control sequence previously described. 


fs 


1. When CS is recognized by the device to be at a low level, the common clock signal is used as 
an I/O Clock. When CS is recognized by the device to be at a high level, the common clock signal 
is used to drive the ‘‘conversion crunching” circuitry. 

2. The device will recognize a CS low transition only when the CS input changes and subsequently 
the System Clock pin receives two positive edges and then a negative edge. For this reason, after 
a CS negative edge, the first two clock cycles will not shift in the address because a low CS must 
be recognized before the I/O Clock can shift in an analog channel address. Also, upon shifting in 
the address, CS must be raised after the eighth I/O Clock that has been recognized by the device, 
so that a CS low level will be recognized upon the lowering of the tenth I/O Clock signal that is 
recognized by the device. Otherwise, additional common clock cycles will be recognized as |/O 
Clock pulses and will shift in an erroneous address. 


For certain applications, such as strobing applications, it is necessary to start conversion at a specific point 
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins 
sampling upon the negative edge of the fourth I/O Clock cycle, the hold function is not initiated until the 
negative edge of the tenth I/O Clock cycle. Thus, the control circuitry can leave the !/O Clock signal in 
its high state during the tenth I/O Clock cycle until the moment at which the analog signal must be converted. 
The TLC1540/TLC1541 will continue sampling the analog input until the tenth falling edge of the I/O Clock. 
The control circuitry or software will then immediately lower the !1/O Clock signal and hold the analog signal 
at the desired point in time and start conversion. 
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| i TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


D2922, JANUARY 1986 


High Degree of Linearity TLC4016M .. . J OR N PACKAGE 
TLC4016!1 .. . DOR N PACKAGE 
High On-Off Output Voltage Ratio (TOP VIEW) 


Low Crosstalk Between Switches 


Low On-State Impedance of 50 Ohms Typ 
at Vcc = 9V 


Individual Switch Controls 


Extremely Low Input Current 


description 


The TLC4016 is a silicon-gate CMOS quadruple 
analog switch integrated circuit designed to 1C 
handle both analog and digital signals. Each 


logic symbolt 


Data Acquisition Circuits B)& 


switch permits signals with amplitudes up to * 
12 volts peak to be transmitted in either oA 
direction. 

3C 
Each switch section has its own enable input 3A 
control. A high-level voltage applied to this 4c 
control terminal turns on the associated switch aA 
section. 


} ; . ‘ p : t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
Applications include signal gating, chopping, IEC Publication 617-12. 


modulation or demodulation (modem), and signal 
multiplexing for analog-to-digital and digital-to- 
analog conversion systems. 


The TLC4016M is characterized for operation 
from —55°C to 125°C, and the TLC4016I is 
characterized from —40°C to 85°C. 


logic diagram (positive logic) 


PRODUCTION DATA documents contain information ‘ Copyright © 1986, Texas Instruments Incorporated 
es as of pote date. HE aman —— “1 TEXAS b, 

specifications per the terms of Texas Instrumen oi 

standard warranty. Production processing does not 2-205 
necessarily includ testing of all parameters. INSTRUMENTS 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage ranne. see-Note- 1) 23 oo. ok ea in ce. eee ee ee -0.5Vto 15 V 
Controcinput cioaecunrent (Vt 0 OF Vi > VOC) nr os } coe ot OS oul tous +20 mA 
PEL por cicge CurtenG tts 4) OF WHC) VOC) es 65s ee a ace Bye oe Vas ote ee os ps +20 mA 
On-State-switch current-(Vi/79 = 0-40 VCC). i RX a ae +25 mA 
gba di Sagat. Ge fer aee pe ob: ri eerie mee tra cre ee es ems +50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
ERIC sa eee eer ks Ge fy a ote Ob ae Re Ag REL Oe ERP ae, SOR IS Ks 950 mW 
SPA EROUNND eee h ne ony Seer e aie kc ep’ nw Brees: 8 oe Pawek Bod ca talk We a 0) i a a ater ee Sea 1025 mW 
PR a has or Sa el coe aa oie ee hee a alaska Eo WS ITS em Ra eee RNG 875 mW 
Operating free-air temperature, TA: TLC4016M ............ 02. eee ee eee — 55°C to 125°C 
SELENE 23° uatedes os lace Sake a eee aoe —- 40°C to 85°C 
BrOrheis TOMBBTATOIO TANGD | 5 6) Soacicd cco ble 0 ho ecw eet Ae a pee alee eae —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N packages....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 


NOTES: 1. All voltages are with respect to ground unless otherwise specified. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 


Deratin 
D 
J 
N 


DISSIPATION DERATING TABLE 


25°C 85°C 125°C 

950mW 494 mW 
1025mW 533mW 205 mW 
875 mW 455mW__175 mW 


7.6 mW/°C 
8.2 mW/°C 
7.0 mW/°C 


recommended operating conditions 


| MIN NOM MAX_| UNIT 
Supply voltage, Vcc at 5 12 


I/O port voltage, Vio 0 Vee 


Vec = 2V 1.5 Vcc 
Vec = 4.5 V 1 . 
High-level input voltage, Vip ae 9V = ; = 
Ss 
Vec = 12 V 


Vec =2V 
Vcc = 4.5 V 
Vcc =9V 
Vec = 12 V 
Vcc = 2V 
Vcc = 4.5 V 
Vec = 9V 
Vec =2V 
Vec = 4.5 V 
Vcc = 9 V 
TLC4016M 
TLC4016I 


Low-level input voltage, Viz 


Input rise time, t, 


Input fall time, t¢ 


Operating free-air temperature, Ta 


TWith supply voltages at or near 2 volts, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital 
signals be transmitted at these low supply voltages. 


4 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


| TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted). 


TLC4016M TLC40161 
PARAMETER TEST CONDITIONS V NIT 
Is 


sic 
Va = 010 Voc, 


On-state switch 


‘Son 


resistance Is = 1 mA, 50 120 50 100 
Sd ne ee ee SRR eee 3575 
See Figure 1 


90-70 20. —~«60 
10 20 10: 20 pa 
0 


On-state switch Va = Oto Vcc, 


SL 2S RRS 3ek |S RRR FSS S 


resistance matching See Figure 1 72 
12V 
Vi = Oorv 2V +1 +1 
| CC 
Control input current V; = Oor Vcc, to pA 
Ta = 25°C 6V aig 


+0.1 

£20 = 1000 

£15_ £200 
Sune he se 
Re es: 
See as = 


Off-state switch 
leakage current 


¥g\= "Ve: 
See Figure 2 


On-state switch Va = Oor Vcc, 


leakage current See Figure 3 


8 160 80 


Supply current 


A 

Cj Input capacitance 
Feedthrough 

capacitance 


Tall typical values are at Ta = 25°C. 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


switching characteristics over recommended operating free-air temperature range, CL = 50 pF (unless 
otherwise noted) 


TLC4016M a eae 
PARAMETER TEST CONDITIONS Vcc MIN Typt MAX | MIN TYPt MAX | UNIT 
26. - 75 26: 62 
Propagation delay time, Gl SOR Pd RL 
ropagation delay time Sée'Fincres4 bs NZ 
Ato Bor Bto A 
32 150 cy eee: 
AL = 1 ko, rT A ORR, (eee 0S AES RR 
ton Switch turn-on time - . pao N 
See Figures G.end 6]. SV | ~ @) 1g tt a 1B 
45. 252 45 210 
Ri = 1 kQ, 4.5V 15 54 15 45 
Switch turn-off time L : eee 
See Figures 5 and 6 10 48 10 40 
845 838 
; Switch cutoff frequency Be eR ee ee 
z 
Ke (channel loss = 3 dB) 120 120 
Control feedthrough voltage ; 
VOCF(PP) ; See Figure 7 4.5 V mV 
to any switch, peak to peak 
Frequency at which crosstalk 
attenuation between any two| See Figure 8 4.5 V MHz 
switches equals 50 dB 


TAIl typical values are at Ta = 25°C. 


PARAMETER MEASUREMENT INFORMATION 


Yee 


TEST 
SWITCH 


Vcc 


TEST 
SWITCH 


IS(off)—> 
Vs = Va —- VB 
CONDITION 1: Va = 0, Vg = Vcc 
CONDITION 2: Va = Vcc. Vg = 0 


FIGURE 2. OFF-STATE SWITCH LEAKAGE CURRENT TEST CIRCUIT 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST 
SWITCH 


Vcc 


TEST 
SWITCH 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST CIRCUIT 


syndy UOlIsSINnbDOY e1egG iN 


VOLTAGE WAVEFORMS 


FIGURE 5. SWITCHING TIME (tpz_, tpLz), CONTROL TO SIGNAL OUTPUT 


de 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST’ 
SWITCH 1 
(1 OF 4) 


TEST CIRCUIT 


Vcc 


Data Acquisition Circuits oS 


VOH 


109 
Bee epoca =OV 


VOLTAGE WAVEFORMS 


FIGURE 6. SWITCHING TIME (tpzH, tpHz), CONTROL TO SIGNAL OUTPUT 
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—TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


z 
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VOCF(PP) 


VOLTAGE WAVEFORMS 


FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 


Vcc 


Vo1 


ae pF 2600 0 


Vi 


E Vo2 
NOTE: ADJUST f for ax = ——< = 50 GB. 
Vo1 


FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


D2922, JANUARY 1986 


@ High Degree of Linearity TLC4066M . . . J OR N PACKAGE 
TLC4066! . . . D OR N PACKAGE 
@® High On-Off Output Voltage Ratio (TOP VIEW) 
@ Low Crosstalk Between Switches 
@ Low On-State Impedance .. .Typically 
30 Ohms at Vcc = 12 V 
@ Individual Switch Controls 
Extremely Low Input Current 
Functionally Interchangeable with National 
Semiconductor MM54/74HC4066, Motorola beieel bolt 
MC54/74HC4066, and RCA CD4066A oe eae 
description : 1¢ 
1A 
The TLC4066 is a silicon-gate CMOS quadruple oc 
analog switch integrated circuit designed to oA 
handle both analog and digital signals. Each 
switch permits signals with amplitudes up to ia 
12 volts peak to be transmitted in either an 
direction. 4c 
; 4A 
Each switch section has its own enable input 
control. A high-level voltage applied to this t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
control terminal turns on the associated switch IEC Publication 617-12. 
section. 


Applications include signal gating, chopping, 
modulation or demodulation (modem), and signal 
multiplexing for analog-to-digital and digital-to- 
analog conversion systems. 


The TLC4066M is characterized for operation 
from —55°C to 125°C. The TLC4066I is 
characterized from —40°C to 85°C. 


logic diagram (positive logic) 


Vcc 


B 
PRODUCTION DATA documents contain information : Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS 
standard or Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supoy Vollece tannedaee Note... A Stes Ss oe doer ie aor eee ee ee —-0.5Vto 15 V 
Cormtroringit Gloge cute Vl O Or VES VOC) i ors ean on ek wee een ee pas Be +20 mA 
FO port: ciode current (Vee- 0 or Vo > VGC) . = 62 es ee ee ee Bar kk a eer Sone +20 mA 
On-state Switch: currentstsp)- =O tO: VGC): ee caely  E OR wie bn 9 We +25 mA 
Conminuous Current thipuen VCC OCGND pins .....0 <s.4 06 8a eee ees ee ee +50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
EOE ON Pee here eo eae ae & nee cece Ee nn Ee RR A ee 950 mW 
NCNM 2h 8 Son ws ae ne a las ed a ba Ke Slo Yee Wea kw eras Behe ea een heaped aaa 1025 mW 
TTT 1S © SeenON Tn Rar ree A ae aE MRO REM! WANS Race AWCCy ERIM MAP opel eS) 875 mW 
Operating free-air temperature, TA: TLC4066M ..................--20008. -—~ 55°C to 125°C 
7p 2" 5) SERRA pr: ce DU Aa Ne ROE Sa erage es pL <i F) — 40°C to 85°C 
ER Lgl BU C11): Sea ag ae ee Sela al a eeis ar om oer gp aurea ARAL Pee cer aie -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N packages....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300 °C 


NOTES: 1. All voltages are with respect to ground unless otherwise specified. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 


DISSIPATION DERATING TABLE 


25°C 85°C 125°C Factor 
D 
J 
N 


950 mW 494 mW 7.6 mW/°C 
1025 mW 533 mW 205 mW 8.2 mW/°C 
875 mW 455 mW 175 mW 7.0 mW/°C 


recommended operating conditions 


ain _NOM MAX | ONTT 


Supply voltage, Vcc 2t 5 12 V 
I/O port voltage, Vi/o 0 Vcc 


Voc = 2V- 1.5 Vcc 
V = 45V 3.15 Vv 
High-level input voltage, Vjy V 53 — V 
Cc.= ; rele 
Vec = 12 V 8.4 ¥CC 


Vcc = 2V fet na es 


Vec = 4.5 V 
Vec = 9V 
Vec = 12 V 
Veo’ =2¥ 
Vcc = 4.5 V 
Vcc = 9V 
Vec =2V 
Vcc = 4.5 V 
Vec = 9V 
TLC4066M 
TLC4066I 


Low-level input voltage, Vj, 


Input rise time, t, 


Input fall time, t¢ 


Operating free-air temperature, Ta 


TWith supply voltages at or near 2 volts, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital 
signals be transmitted at these low supply voltages. 
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TLC4066M, TLC4066! 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


Ig = 1 mA, 
Va = Oto Vcc, 2 
See Figure 1 
On-state switch 2 a 
r 
San resistance Ig = 1 mA, mn 
Va = Oor Vcc, i 
See Figure 1 c 
2 
On-state switch Va = Oto Vcc, @ 
resistance matching See Figure 1 = | 
Loy 
1) 
Control input current << 
oS 
bt 
3] 
lec Off-state switch Vs = +VeCc, Q 
2 leakage current See Figure 2 
On-state switch Va = OorVec, re 
Son leakage current See Figure 3 7 an 306 
lcc Supply current 
Cj 
Feedth h 
oF pteees AtoB V| 
capacitance 
TAIl typical values are at Ta = 25°C. 
Ti 4 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


switching characteristics over recommended operating free-air temperature range, CL = 50 pF (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS 


TLC4066M TLC4066I 
UNIT 
MIN TYPt MAX | MIN TYPTtT MAX 
25 75 


Cc 
2 
Propagation delay time, | C2 ae ae 513 
See Figure 4 
A to Bor Bto A 410 
RL = 1 kQ, ; 
9 
9 
9 


ry 
o1 
ie) 
a 
ol 
J 
NiT— Ww 
ol (eo) 
eae 
no 


5 


| 


t Switch turn-on time 
= See Figures 5 and 6 


12 V 


— 
Ww 


NO 
— 
oO 


ae. 529 
1 3 

3 2 

E 8 

5 
ee 4 ae 45 
1 5 

eT 1g 88 
$8 

20 

8 


NO 
ol 


3 

CS RRR SE 3 
5 
5 


Switch turn-off time “2 3. nie = = 
See Figures 5 and 6 Ba! ES 
; ee ee 
ot (channel loss = 3 dB) a Sk PP ae I 


Control feedthrough voltage 
VocF(PP) 9° | See Figure 7 4.5V 180 180 | mv 
to any switch, peak to peak 
Frequency at which crosstalk 
See Figure 8 4. 


Cc 

Vv 

V 

2V 
Zo CS Geer eS 
ile ah cS Ser 

a 

V 

V 

5 V 


attenuation between any two 


s 
pa 
N 


switches equals 50 dB 


TAI typical values are at Ta = 25°C. 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST 
SWITCH 


FIGURE 1. ON-STATE RESISTANCE TEST CIRCUIT 


Vcc 


Vv; = 0 


TEST 
SWITCH 


VA 
IS(off)—> 


Vg = -SA.- NB 
CONDITION 1: Va = 0, Vg = Vcc 
CONDITION 2: Va = Vcc. Vg = 0 


FIGURE 2. OFF-STATE SWITCH LEAKAGE CURRENT TEST CIRCUIT 
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TLC4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST 
SWITCH 


Vcc 


TEST 
SWITCH 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT 
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TLC4066M, TLC4066I 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 5. SWITCHING TIME (tpz., tpLz), CONTROL TO SIGNAL OUTPUT 
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TLC4066M, TLC4066I 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


TEST CIRCUIT 


Data Acquisition Circuits iN 


VOH 


VOLTAGE WAVEFORMS 


FIGURE 6. SWITCHING TIME (tpzH. tpHz), CONTROL TO SIGNAL OUTPUT 


i 
TEXAS 4 2-219 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


TLO4066M, TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
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VOCF(PP) 


VOLTAGE WAVEFORMS 


FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 


Vee 


TEST 
SWITCH 1 
(1 OF 4) 


Vo1 


hese pF ¢ 600 2 


Vi 


TEST 
SWITCH 2 
(1 OF 4) 


Vo2 
Vo1 
FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT 


NOTE: ADJUST f for ax = = 50 cB. 
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PRODUCT TLO7135 
PREVIEW Advanced LinCMOS™ 4 1/2-DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 


D2851, DECEMBER 1986 


ADVANCED LinCMOS™ Technology N 


. DUAL-IN-LINE PACKAGE 
Zero Reading for O-V Input (TOP VIEW) 
e Bees & Null Detection with True Polarity Vcc Toast JUNDER-RANGE 2 
gar, REF[]2 —_27| JOVER-RANGE 
@ 1-pA Typical Input Current ANLG COMMON[]3 __ 26| JSTROBE 2 
@ True Diff tal | INT OUT[]4 —_25[_ ]RUN/HOLD = 
rue Differential Input AUTO ZERO[]s 241 IDGTL GND 2 
@ Multiplexed Binary-Coded-Decimal Output BUFF OUT[]6 = 23| JPOLARITY © 
: Cref— L]7 22| | CLK ia 
@ Low Rollover Error: +1 Count Maximum Cuil 21 IBUSY i) 
@ Control Signals Allow Interfacing with IN — 20{ ]D1 (LSD) = 
UARTs or Microprocessors IN+[}10 = 19f JD2 Ss 
V 11. +18] |D3 
@ Autoranging Capability with Over- and Pee ae 17 : D4 § 
Under-Range Signals (LSB) B1[413 = 16[ ]B8 (MSB) ™ 
TTL-Compatible Outputs B2(]i4 15 )B4 * 
Direct Replacement for Teledyne TSC7135, QO 
Intersil ICL7135, Maxim ICL7135, and 
Siliconix Si7135 
dy «A Caution. This device has limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage. 
description 
The TLC7135 converter is manufactured with Texas Instruments highly efficient ADVANCED LinCMOS™ 
technology. This 4 1/2-digit dual-slope-integrating analog-to-digital converter is designed to provide 
interfaces to both a microprocessor and a visual display. The digit-drive outputs D1 through D4 and 
multiplexed binary-coded-decimal outputs, B1 through B4, provide an interface for LED or LCD 
decoder/drivers as well as microprocessors. 
The TLC7135 offers 50-ppm (one part in 20,000) resolution with a maximum linearity error of one count. 
The zero error is less than 10 pV and zero drift is less than 0.5 »V/°C. Source-impedance errors are minimized 
by low input current (less than 10 pA). Rollover error is limited to +1 count. 
The TLC7135 BUSY, STROBE, RUN/HOLD, OVER-RANGE, and UNDER-RANGE control signals support 
microprocessor-based measurement systems. The control signals also can support remote data acquisition 
systems with data transfer via universal asynchronous receiver transmitters (UARTs). s 
The TLC7135 is characterized for operation from O°C to 70°C. ied 
LL 
c 
O.. 
faves 
O 
ce 
: 
c 
ADVANCED LinCMOS” is a trademark of Texas Instruments Incorporated. a. 
PRODUCT PREVIEW documents contain information S Copyright © 1986, Texas Instruments Incorporated 
on products in the formative or design phase of | 
keep gl a ine Aa Texas 3-221 
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TLC7135 | PRODUCT 
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION PREVIEW 
ANALOG-TO-DIGITAL CONVERTER 
functional block diagram 
2 pocarity ‘23! nOLAMETY Eee (20) 54 (LSB) 
FROM ANALOG FLIP-FLOP Tuatcu] | 119) p2 2B acs 
i SECTION = ee 13) 59 here hb 
- (17) 54 OUTPUT 
yy (12) 55 (msB) 
4 ai 4 ce 
. [| earn | 
€ wax (22 is a, 
a RUN/HOLD ei 
Ny CONTROL 
“% OVER-RANGE 122 + eee COUNTERS Oe ea MULTIPLEXER 
Nee UNDER-RANGE 22 eae Ye 
26) 
ro) STROBE 
= Busy (22) eS _ 
pr) (24) 
a DGTL GND 
2 oe Ps 
-] eaten 
(13) 3, 
(14) 
175) B2 BINARY CODED 
LATCH B4 DECIMAL OUTPUT 
(18) 55 
ANALOG SECTION 
Cref RINT Caz Cnt 
BUFF 
A Grets Cret — (7) _OUT_|(6) _(5)| ZERO (4)| INT OUT 
c= — «a= —_EEE a= ase «aaae axe 2 | 
, INTEGRATOR 
) at F COMPARATOR 
(2) < ise 
ix “ INPUT oe oe 


| 
{ 
) 
i 
a (10) et SECTION | 
pe) N+ 2 : 
_ 
Cc | 
?) | | 
1 | - | 
"~ 
a ANLG (3) | | 
Ti COMMON | 
< | 
mm in £2) j 
= Qin Eas ae a aa ane tgs tere eee Gil 
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PRODUCT | TLC7135 
PREVIEW Advanced LinCMOS™ 4 1/2-DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supoy yousce (VCr «+ with tegneer fo Ver.) ss ace oss kev ere cen ee eee eee 15 V 
PRGIGE INOUE MONG AOIN SO OF Pil tied soe eh ccd oa ine ete ics om vee Bee Vcc — to Vcc+ 
OTOP OTE O20 te FI 5 Nic ies 550 vee he ee ae ES EL OE el Voce = to-Vece 
Caeee ty SENESLLE APO ERIEAINOR INO Op On ey os cia ae as ae oe ae RS el ee 0 V to Vcc + 
Operating free-air temperature range ............ 0. eee ee eee eee eee 0°C to 70°C 
tO rie AMINIOEMLUG TTI 5 boxe Sc ace © See OE EAE od 0 8 Se ER ee Cae —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................0000- 260°C 


recommended operating conditions 


ooo teat NE ages oN Cain eee oe Sate cocoons ett 
Roepe Senn ee oe oe ee ee 
Piatanenin OMI ete as ed on oar eee es be ae ore Ache ye’ ae 
[High-level input voltage, CLK, RUNOUD. Vy | 
pe ee 

| MHz _| 


Differential input voltage, Vip Voc. +1 Vee +--0.5 
Maximum operating frequency, fcojgck (see Note 1) Bes eee Besse 
Operating free-air temperature range, TA 


Low-level input voltage, CLK, RUN/HOLD, Vi. 


NOTE 1: Clock frequency range extends down to O Hz. 


electrical characteristics, VCC + =5V,VCC— = —5V., Vref = 1V. felock = 120 kHz, Ta = 25°C 
(unless otherwise noted) 


y High-level D1-D5,B1,B2,B4,B8 
OF output voltage = 
VOL Low-level output voltage lo = 1.6 mA 
O 


Peak-to-peak output noise voltage 
. : : Vip = 9, Full Scale = 2 V 
(see Note 2) 
Zero-reading temperature coefficient 
ony Alb Vip = 0, 0°C <T, < 70°C 
of output voltage 


VE OV, 0° s Ta = 70°C 


| Input leakage current, pins 9 and 10 =0 Ta = 25°C 
: : ‘ e 0°C = Ta < 70°C 


Icc + Positive supply current 


WH High-level input current Vi = 5V, O°C <= Ta s 70°C 
NL : 
| 


Icc-— Negative supply current 


NOTES: 2. This is the peak-to-peak value that is not exceeded 95% of the time. 
3. Factor relating clock-frequency to increase in supply current. At Vcc + = 5 V 


loc + = !lcC+(fclock = 0) + Cpa x 5 V X felock 


Data Acquisition Circuits NO 


PRODUCT PREVIEW 


TEXAS 4 2-223 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC7135 | | PRODUCT 
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION PREVIEW 
| ANALOG-TO-DIGITAL CONVERTER 


operating characteristics, Vcc + = 5 V, Vcc— = —-5V, Vref = 1 V. felock = 120 kHz, 
Ta = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


2 x Full-scale temperature coefficient Vip = 2V, 0°C < Ta < 70°C 
(see Note 4) 


NOTES: 4. This parameter is measured with an external reference having a temperature coefficient of less than 0.01 ppm/°C. 
5. The magnitude of the difference between the worst case step of adjacent counts and the ideal step. 
6. Rollover error is the difference between the absolute values of the conversion for 2 V and —2 V. 


S}JINDIID UOHISINDOY e}eEGg 


MalAddd LONGOYd 


2-224 TEXAS ti 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


PRODUCT 


PREVIEW Advanced LinCMOS™ 4 1/2-DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 


timing diagrams 


END OF CONVERSION 
me 


Busyt 


STROBE' 
lq > 200 
COUNTS 
D5 
i vt 201 200 
COUNTS COUNTS 
D4 
200 +4+—__——_> 
COUNTS 
D3 
200 4¢-— —p| 
COUNTS 
D2 | | 
200 4 
COUNTS 
200 
COUNTS 


t Delay between BUSY going low and the first STROBE pulse is dependent upon the analog input. 
FIGURE 1 


DIGIT SCAN mM N M Ds 
FOR OVER-RANGE 
i | [ i i l D4 


1000 
COUNTS 


FIGURE 2 
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timing diagrams (continued) 
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INTEGRATOR 
OUTPUT 


AUTO- SIGNAL DE-INTEGRATE 
ZERO INT. 
10,001/ 10,000/ 20,001 
COUNTS COUNTS COUNTS MAX. 


}¢——— FULL MEASUREMENT CYCLE————} 


40,002 COUNTS 


BUSY | | | 


\AAAAAAAAAAAAAAAAAAAAAAAA 
CICK 
KKK KKK KKK 
000 00006060006.0.660000004 


OVER-RANGE 
WHEN APPLICABLE 
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UNDER-RANGE QYXiQxxrxrxxn 
XXXKXXXEYYAY 


WHEN APPLICABLE YQyxy“x““7“rrnns 


COSCO CCOC OEE: 


FIGURE 3 
strRose [| [TT | 
AUTO ZERO 
SIGNAL INTEGRATE-P}¢ DE-INTEGRATEt 
DIGIT SCAN p=. + 


FOR OVER-RANGE 


i ]o4 


t 


TFirst D5 of AUTO ZERO and DE-INTEGRATE is one count longer. 
FIGURE 4 
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PRINCIPLES OF OPERATION 


A measurement cycle for the TLC7135 consists of the following four phases. 


2 


1. Auto-Zero Phase. The internal IN+ and IN— inputs are disconnected from the pins and internally 
connected to ANLG COMMON. The reference capacitor is charged to the reference voltage. The 
system is configured in a closed loop and the auto-zero capacitor is charged to compensate for offset 
voltages in the buffer amplifier, integrator, and comparator. The auto-zero accuracy is limited only 
by the system noise, and the overall offset, as referred to the input, is less than 10 pV. 


ircuits 


2. Signal Integrate Phase. The auto-zero loop is opened and the internal IN+ and IN— inputs are 
connected to the external pins. The differential voltage between these inputs is integrated for a fixed 
period of time. If the input signal has no return with respect to the converter power supply, IN — 
can be tied to ANLG COMMON to establish the correct common-mode voltage. Upon completion 
of this phase, the polarity of the input signal is recorded. 


3.  De-integrate Phase. The reference is used to perform the de-integrate task. The internal IN— is 
internally connected to ANLG COMMON and IN + is connected across the previously charged reference 
capacitor. The recorded polarity of the input signal is used to ensure that the capacitor will be connected 
with the correct polarity so that the integrator output polarity will return to zero. The time, which 
is required for the output to return to zero, is proportional to the amplitude of the input signal. The 
return time is displayed as a digital reading and is determined by the equation 10,000 x (Vip/Vref). 
The maximum or full-scale conversion occurs when Vjp is two times Vref. 


Data Acquisition C 


4. Zerolntegrator Phase. The internal IN— is connected to ANLG COMMON. The system is configured 
in a closed loop to cause the integrator output to return to zero. Typically this phase requires 100 
to 200 clock pulses. However, after an over-range conversion, 6200 pulses are required. 


description of analog circuits 


input signal range 


The common mode range of the input amplifier extends from 1 V above the negative supply to 1 V below 
the positive supply. Within this range, the common mode rejection ratio (CMRR) is typically 86 dB. Both 
differential and common mode voltages cause the integrator output to swing. Therefore, care must be 
exercised to assure the integrator output does not saturate. 


analog common 


Analog common (ANLG COMMON) is connected to the internal IN— during the auto-zero, de-integrate, 
and zero integrator phases. If IN— is connected to a voltage which is different than analog common during 
the signal integrate phase, the resulting common mode voltage will be rejected by the amplifier. However, 
in most applications, IN LO will be set at a known fixed voltage (power supply common for instance). 
In this application, analog common should be tied to the same point, thus removing the common mode 
voltage from the converter. Removing the common mode voltage in this manner will slightly increase 
conversion accuracy. 


reference 


The reference voltage is positive with respect to analog common. The accuracy of the conversion result 
is dependent upon the quality of the reference. Therefore, to obtain a high accuracy conversion, a high 
quality reference should be used. 
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RUN/HOLD input 


When the RUN/HOLD input is high or open, the device will continuously perform measurement cycles every 
40,002 clock pulses. If this input is taken low, the IC will continue to perform the ongoing measurement 
cycle and then hold the conversion reading for as long as the pin is held low. If the pin is held low after 
completion of a measurement cycle, a short positive pulse (greater than 300 ns) will initiate a new 
measurement cycle. If this positive pulse occurs before the completion of a measurement cycle, it will 
not be recognized. The first STROBE pulse, which occurs 101 counts after the end of a measurement 
cycle, is an indication of the completion of a measurement cycle. Thus, the positive pulse could be used 
to trigger the start of a new measurment after the first STROBE pulse. 


STROBE input 


Negative going pulses from this input are used to transfer the BCD conversion data to external latches, 
UARTS, or microprocesors. At the end of the measurement cycle, the digit-drive (D5) input goes high and 
remains high for 201 counts. The most significant digit (MSD) BCD bits are placed on the BCD pins. After 
the first 101 counts, halfway through the duration of output D1-D5 going high, the STROBE pin goes low 
for 1/2 clock pulse width. The placement of the STROBE pulse at the midpoint of the D5 high pulse allows 
the information to be latched into an external device on either a low-level or an edge. Such placement 
of the STROBE pulse also ensures that the BCD bits for the second MSD will not yet be competing for 
the BCD lines and latching of the correct bits is assured. The above process is repeated for the second 
MSD and the D4 output. Similarly, the process is repeated through the least significant digit (LSD). 
Subsequently, inputs D5 through D1 and the BCD lines will continue scanning without the inclusion of 
STROBE pulses. This subsequent continuous scanning causes the conversion results to be continuously 
displayed. Such subsequent scanning does not occur when an over-range condition occurs. 


BUSY output 


The BUSY output goes high at the beginning of the signal integrate phase and remains high until the first 
clock pulse after zero-crossing or at the end of the measurement cycle if an over-range condition occurs. 
It is possible to use the BUSY pin to serially transmit the conversion result. Serial transmission can be 
accomplished by ANDing the BUSY and CLOCK signals and transmitting the ANDed output. The transmitted 
output consists of 10,001 clock pulses, which occur during the signal integrate phase, and the number 
of clock pulses, which occur during the de-integrate phase. The conversion result can be obtained by 
subtracting 10,001 from the total number of clock pulses. 


OVER-RANGE output 


MalAsddd LONGOdd 


When an over-range condition occurs, this pin goes high after the BUSY signal goes low at the end of 
the measurement cycle. As previously noted, the BUSY signal remains high until the end of the measurement 
cycle when an over-range condition occurs. The OVER-RANGE output goes high at end of BUSY and goes 
low at the beginning of the de-integrate phase in the next measurement cycle. 


UNDER-RANGE output 


At the end of the BUSY signal, this pin goes high if the conversion result is less than or equal to 9% (count 
of 1800) of the full-scale range. The UNDER-RANGE output is brought low at the beginning of the signal 
integrate phase of the next measurement cycle. 
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PRINCIPLES OF OPERATION 
POLARITY output 


The POLARITY output is high for a positive input signal and is updated at the beginning of each de-integrate 
phase. The polarity output is valid for all inputs including +O and over-range signals. 


digit-drive (D5, D4, D2 and D1) outputs 


Each digit-drive output (D1 through D5) sequentially goes high for 200 clock pulses. This sequential process 
is continuous unless an over-range occurs. When an over-range occurs, all of the digit drive outputs are 
blanked from the end of the strobe sequence until the beginning of the de-integrate phase (when the 
sequential digit drive activation begins again). The blanking activity, during an over-range condition, may 
be used to cause the display to flash and indicate the over-range condition. 


BCD outputs 


The BCD bits (B8, B4, B2 and B1) for a given digit are sequentially activated on these outputs. 
Simultaneously, the appropriate Digit-drive line for the given digit is activated. 


system aspects 


integrating resistor 


The value of the integrating resistor (RjNT) is determined by the full scale input voltage and the output 
current of the integrating amplifier. The integrating amplifier can supply 20 yA of current with negligible 
non-linearity. The equation for determining the value of this resistor is as follows: 


FULL-SCALE VOLTAGE 
RINT = Rene mee on 
INT 

Integrating amplifier current, ljNT, from 5 to 40 pA will yield good results. However, the nominal and 
recommended current is 20 pA. 


integrating capacitor 


The product of the integrating resistor and capacitor should be selected to give the maximum voltage swing 
without causing the integrating amplifier output to saturate and get too close to the power supply voltages. 
If the amplifier output is within 0.3 V of either supply, saturation will occur. With + 5-V supplies and ANLG 
COMMON connected to ground, the designer should design for a +3.5-V to +4-V integrating amplifier 
swing. A nominal capacitor value is 0.47 nF. The equation for determining the value of the integrating 
capacitor (CjNT) is as follows: 


degen 10,000 x CLOCK PERIOD x |iNT 
INT ~ INTEGRATOR OUTPUT VOLTAGE SWING 


where: IjNT is nominally 20 pA. 


Capacitors with large tolerances and high dielectric absorption can induce conversion inaccuracies. A 
Capacitor, which is too small could cause the integrating amplifier to saturate. High dielectric absorption 
causes the effective capacitor value to be different during the signal integrate and de-integrate phases. 
Polypropylene capacitors have very low dielectric absorption. Polystyrene and Polycarbonate capacitors 
have higher dielectric absorption, but also work well. 
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PRINCIPLES OF OPERATION 
auto-zero and reference capacitor 


Large capacitors will tend to reduce noise in the system. Dielectric absorption is unimportant except during 
power-up or overload recovery. Typical values are 1 pF. 


reference voltage 


For high-accuracy absolute measurements, a high quality reference should be used. 


rollover resistor and diode 


The TLC7135 has a small rollover error, however it can be corrected. The correction is to connect the 
cathode of any silicon diode to the INT OUT pin and the anode to a resistor. The other end of the resistor 
is connected to ANLG COMMON or ground. For the recommended operating conditions the resistor value 
is 100 kQ. This value may be changed to correct any rollover error which has not been corrected. In many 
non-critical applications, the resistor and diode are not needed. 


maximum clock frequency 


For most dual-slope A/D converters, the maximum conversion rate is limited by the frequency response 
of the comparator. In this circuit, the comparator follows the integrator ramp with a 3 ys delay. Therefore, 
with a 160 kHz clock frequency (6 us period), half of the first reference integrate clock period is lost in 
delay. Hence, the meter reading will change from O to 1 with a 50 yzV input, 1 to 2 with a 150 pV input, 
2 to 3 with a 250 pV input, etc. This transition at midpoint is desirable; however, if the clock frequency 
is increased appreciably above 160 kHz, the instrument will flash ‘‘1’’ on noise peaks even when the input 
is shorted. The above transition points assume a 2-V input range is equivalent to 20,000 clock cycles. 


If the input signal is always of one polarity, comparator delay need not be a limitation. Clock rates of 1 MHz 
are possible since non-linearity and noise do not increase substantially with frequency. For a fixed clock 
frequency, the extra count or counts caused by comparator delay will be a constant and can be subtracted 
out digitally. 


For signals with both polarities, the clock frequency can be extended above 160 kHz without error by 
using a low value resistor in series with the integrating capacitor. This resistor causes the integrator to 
jump slightly towards the zero-crossing level at the beginning of the de-integrate phase and thus, 
compensates for the comparator delay. This series resistor should be 10 to 50 ohms. This approach allows 
clock frequencies up to 480 kHz. 


minimum clock frequency 


The minimum clock frequency limitations result from capacitor leakage from the auto-zero and reference 
capacitors. Measurement cycles as high as 10 seconds are not influenced by leakage error. 


rejection of 50 Hz or 60 Hz pickup 


To maximize the rejection of 50 Hz or 60 Hz pickup, the clock frequency should be chosen so that an 
integral multiple of 50 Hz or 60 Hz periods occur during the signal integrate phase. To achieve rejection 
of these signals, some clock frequencies which could be used are as follows: 


50 Hz: 250, 166.66, 125, 100 kHz, etc. 
60 Hz: 300, 200, 150, 120, 100, 40, 33.33 kHz, etc. 
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zero-crossing flip-flop 


This flip-flop interrogates the comparator’s zero-crossing status. The interrogation is performed after the 
previous clock cycle and the positive half of the ongoing clock cycle have occurred so that any comparator 
transients which result from the clock pulses do not affect the detection of a zero-crossing. This procedure 
delays the zero-crossing detection by one clock cycle. To eliminate the inaccuracy, which is caused by 
this delay, the counter is disabled for one clock cycle at the beginning of the de-integrate phase. Therefore, 
when the zero-crossing is detected one clock cycle later than the zero-crossing actually occurs, the correct 
number of counts is displayed. 


noise 


The peak-to-peak noise around zero is approximately 15 y»V (peak-to-peak value not exceeded 95% of 
the time). Near full scale, this value increases to approximately 30 nV. Much of the noise originates in 
the auto-zero loop, and is proportional to the ratio of the input signal to the reference. 


analog and digital grounds 


Data Acquisition Circuits Bp 


For high-accuracy applications, ground loops must be avoided. Return currents from digital circuits must 
not be sent to the analog ground line. 


power supplies 


The TLC7135 is designed to work with + 5-V power supplies. However, 5-V operation is possible if the 
input signal does not vary more than +1.5 V from mid-supply. 
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ADVANCED LinCMOS™ Technology N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Zero Reading for 0-V Input on All Scales 


eink Null Detection with True Polarity 1D 39h] osc2 2 
ot .<ero 1C 38[) OSC3 
1-pA Typical Input Current 1B 37] J TEST g 
: : UNITS< 1A 36[_] REF HI ‘Ss 
True Differential Input and Reference 1F 351] REF LO 0 
Direct LCD Display Drive with No External 1G 341} Cref + rs) 
Components 1E 33} J Cref — a 
2D 321} COMMON 
@ Low Noise — 15 pVp-p Without Hysteresis 2c IN HI s 
or Overrange Hangover ‘O 
TENS 2B IN LO = 
On-Chip Clock Oscillator and Reference 2A AUTO ZERO o 
; : . 2F BUFF 1+) 
Convenient 9-V Battery Operation with Low oF INT _q 
Power Dissipation, Less than 1 mW 3D Vec- 8 
@ Direct Replacement for Intersil and Maxim ae 2G (TENS) O 
ICL7136 } **) 3F 3C 
© Pin Compatible with Intersil ICL7106; meee ne .. roe 
T , 18C71 
ICL7126 and Teledyne TSC7106, TSC7136 POL (MINUS) a 


tC, q Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 


description 


The TLC7136C is a high-performance, very low-power 3 1/2-digit analog-to-digital converter (ADC). The 
TLC7136C contains seven-segment decoders, display drivers, a clock, and a reference. This device is 
designed to interface with liquid crystal displays and incorporates a backplane drive. The device can easily 
be powered with a 9-volt battery because the supply current is less than 100 microamperes. 


The TLC7136C provides high accuracy and versatility and such features as auto-zeroing to less than 10 
microvolts, zero drift of less than 1 n.V/°C, maximum input bias current of 10 picoamperes, and rollover 
error of less than 1 count. 


The differential input and on-chip reference are particularly useful when measuring load cells, strain gauges, 
and other bridge-type transducers. Single-supply operation provides economy in that a high-performance 


panel meter can be built with only seven passive components and a display. The TLC7136C is an improved s 
version of the Intersil |CL7126 in that overrange hangover and hysteresis effects are eliminated. Lu 
Sasi 
The TLC7136C is characterized for operation from O°C to 70°C. > 
LJ 
cc 
0. 
c 
ADVANCED LinCMOS” is a trademark of Texas Instruments Incorporated. 0. 
PRODUCT PREVIEW documents contain information 3 Copyright © 1986, Texas Instruments Incorporated 
on products in the formative or design phase of i 
development. Characteristic data and other TEXAS 
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NOTE: Letters beside switches indicate state of conversion during switch closure. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supp voltede (Voge: with 1reepect-in Vee) Vi ce: . ec ce cles bg oe See 15-V 
Voltage range for any input except clock (see Note 1).................0000- Vec—to Vees 
AGC DUE WOMeOe CONG. 5 coc. a in Sore sed ets Spe CU are ad wn es ds wR Vtest to VCC + 
Operating frée-air- temperature tanga. se es Fo ts See ee we A ee 0°C to:-7026 
ROP OG SR Tee TOTIN Soo rt vss ase ws of IO a ek ee Fy a ned ~65 °C te 156°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds.................0000- 260°C 


NOTE 1: Input voltages may exceed the supply voltages provided the input current is limited to +100 pA. 


recommended operating conditions 


Supply voltage a ee 


V Reference input voltage FS (full scale) Vip = 200 mV, See Note 2 
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electrical characteristics, VCC = 9 V, fclock = 16 kHz, TA = 25°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


Common-mode rejection ratio ae groin Vile Me V/V 
= 200 mV 4 
N It 
Eipesvorege Vip = 0, FS = 200 mV 
(peak-to-peak value not exceeded 95% of time) 


Input leakage current Vip = 0 


Le Vip = 199 mV, = 0 to 70°C, 
Scale factor temperature coefficient 
See Note 3 


Analog common voltage (with respect to Vcc +) 250 kQ between COMMON and Vcc + 3.2 be 
ppm/°C 


Peak-to-peak backplane drive voltage (see Note 4) 
Supply current (see Note 6) 
Power dissipation capacitance 


NOTES: 2. Vip is the voltage at IN HI with respect to IN LO. 
3. This is measured using a fixed external reference voltage with O-ppm/°C temperature coefficient. 
4. Backplane drive is in phase with segment drive for a turned-off segment, 180° out of phase for a turned-on segment. Backplane 
frequency is 20 times the conversion rate. The average dc component is less than 50 mV. ; 
5. This does not include current through the common terminal. During the auto-zero phase, current is 10 to 20 pA higher. Use 
of a 48-kHz oscillator increases current by typically 8 yA. 
6. This can be used to determine the no-load dynamic power dissipation. Pp = Cpa*Vec2*f+!lec*Vcc: 
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operating characteristics over recommended operating free-air temperature range, VCC = 9 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Vip = 0, FS = 200 mV -0.000  +0.000  +0.000 


Vip = Vref = 100 mV 999  999/1000 1000 
Vip~ = ibs = 200 mV or 2V Coun 
1 


FS = 200 mV or 2V Count 


Vip = 9, 
Zero-reading temperature coefficient O22 jeG 
Eee Ge bet hascindiin Bee cos 


NOTE 7: Rollover error is the difference between the magnitudes of the conversion results for equal positive and negative inputs near full scale. 


PARAMETER MEASUREMENT INFORMATION 
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FIGURE 1. TEST CIRCUIT (CLOCK FREQUENCY = 16 kHz, 1 READING PER SECOND) 
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PARAMETER MEASUREMENT INFORMATION 
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FIGURE 2. TEST CIRCUIT (CLOCK FREQUENCY = 48 kHz, 3 READINGS PER SECOND) 
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PRINCIPLES OF OPERATION 


A measurement cycle, for the TLC7136C, consists of four phases. The four phases are as follows: 


2 


1. Auto-Zero Phase. The internal IN HI and IN LO inputs are disconnected from the pins and are internally 
connected to analog COMMON. The reference capacitor is charged to the reference voltage. The system 
is configured in a closed loop and the auto-zero capacitor is charged to compensate for offset voltages 
in the buffer amplifier, integrator, and comparator. The auto-zero accuracy is limited only by the system 
noise, and the overall offset, as referred to the input, is less than 10 microvolts. 

2. Signal Integrate Phase. The auto-zero loop is opened and the internal IN HI and IN LO inputs are 
connected to the external pins. The differential voltage between these inputs is integrated for a fixed 
period of time. If the input signal has no return with respect to the converter power supply, IN LO 
can be tied to analog COMMON to establish the correct common-mode voltage. Upon completion of 
this phase, the polarity of the input signal is recorded. 

3. Deintegrate (reference-integrate) Phase. The reference is used to perform the deintegrating task, which 
is performed in the following manner. The IN LO is internally connected to analog COMMON and IN 
HI is connected across the previously charged reference capacitor. The recorded polarity of the input 
signal is used to ensure that the capacitor will be connected with the correct polarity so that the 
integrator output will return to zero. The time that is required for the output to return to zero is 
proportional to the amplitude of the input signal. The return time is displayed as a digital reading and 
is determined by the equation 1000 Vjp/Vref. 

4. Zero Integrator Phase. The internal IN LO is connected to analog COMMON. The system is configured 
in a closed loop to cause the integrator output to return to zero. Typically this phase requires 11 to 
140 clock pulses. However, after an overrange conversion, 740 pulses are required. 


sUINdIIg UOoHISINbDOY e}JeEg 


description of analog circuits 
input signal range 


The common-mode range of the input amplifier extends from 1 volt above the negative supply to 0.5 volt 
below the positive supply. Within this range, the common mode rejection ratio (CMRR) is typically 86 dB. 


The common-mode signal also causes the integrator output to swing and there is a possibility that the 
integrator output could saturate. This saturation, which causes an incorrect conversion, is most likely with 
the combination of a large positive common mode voltage and a large negative differential voltage. The 
negative differential voltage causes the integrator output to go positive when most of the integrator’s 
positive output swing capability has been used up by the large positive common mode voltage. In such 
situations, the integrator swing can be reduced to less than the recommended 2-volt swing with a minimal 
reduction in accuracy. The linear range of the integrator output is within 0.3 volts of either supply. 


differential reference 


The reference voltage must lie within the device power supply range. The major source of common-mode 
error is caused by the loss or gain of charge from the reference capacitor due to stray capacitances. With 
large common-mode voltages, the reference capacitor will gain charge or voltage while deintegrating a 
positive signal and, conversely, lose charge or voltage while deintegrating a negative signal. This gain or 
loss of reference capacitor voltage will cause a rollover error. The selection of a reference capacitor that 
is large in comparison to the stray capacitance will reduce the rollover error to less than 0.5 counts (see 
Component Value Selection). 


analog common 


For battery operation or when the inputs are floating with respect to the TLC7136C power supply, the 
analog COMMON pin is used to set the common mode voltage. The COMMON pin is preset by internal 
circuits to a voltage that is approximately 3 volts less than the TLC7136C positive supply. This preset 
voltage will give a 6-volt end-of-battery life. | 
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When the power supply voltage is greater than 7 volts, the TLC7136C zener will be in a regulating mode 
and the preset voltage at the COMMON pin will have reference-like qualities. The preset voltage will then 
have a low 0.001%-per-volt voltage coefficient, a low output impedance of approximately 35 ohms, and 
a temperature coefficient of less than 80 ppm/°C. Therefore, the preset voltage could be used for an on- 
chip reference, however, there are some limitations. For 2°C to 8°C temperature changes, a scale factor 
of one count or more can result. Also, if the power supply voltage drops below 7 volts, the voltage coefficient 
will be poor since the zener will no longer be in a regulating mode. 


2 


ircuits 


Analog COMMON is connected to the internal IN LO during the auto-zero, deintegrate, and zero integrator 
phases. If IN LO is connected to a voltage that is different from analog common during the signal-integrate 
phase, the resulting common-mode voltage will be rejected by the amplifier. However, in certain applications, 
IN LO is set at a fixed known voitage, for example the power supply common voltage. For these applications, 
the COMMON pin should be tied to IN LO to eliminate the common-mode rejection error. The same. 
consideration applies to the reference voltage. Referring the reference voltage to analog COMMON eliminates 
another common-mode error source. Referring the reference voltage to an analog common is accomplished 
by connecting COMMON to either REF LO or REF HI. 
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test 


The TEST pin performs two functions. First, it is connected to the internally generated digital supply (negative 
side) through a 500-ohm resistor. This connection allows the TEST pin to be used as the negative supply 
for external segment drivers, such as decimal points or any LCD segment that requires up to 1-milliampere 
load current. Second, the pin performs a test function. When the TEST pin is pulled up to VCC +, all 
segments will turn on and the display will read — 1888. In this test mode, a constant DC voltage is applied 
to the segments, rather than a square wave, and the segments may be damaged if the test is prolonged. 


description of digital circuits 


An internal digital ground is generated with a 6-volt zener diode and a large P-channel source follower. 
This generated supply can handle the large capacitive currents that result when the backplane (BP) voltage 
is switched. Dividing the clock frequency by 800 gives the BP frequency. For 3 readings per second, the 
BP signal is a 5-volt, 6(O-Hz squarewave. The segments that are driven at the same frequency and amplitude 
are in phase with BP when off, and out of phase with BP when on. Except in the test mode, a negligible 
amount of DC voltage is placed across the segments. For negative-polarity inputs, the polarity indication 
will become active. Also, if the placement of IN LO and IN HI is switched, the polarity indication can be 
switched accordingly. 


system timing 


The TLC7136C clock circuit is shown in Figure 3. The three possible clock setups are pin 40 connected 
to an external oscillator, a crystal between pins 39 and 40, or an RC oscillator with connections to pins 
38, 39, and 40. 


The frequency of the clock oscillator is first divided by four and then the resulting clock signal is used 
to clock the decade counters. The divide-by-four clock signal is then further divided to form the four convert- 
cycle phases, which are as follows: 


1. 1,000 counts for signal integration. 
2. Oto 2,000 counts for reference deintegration. 
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3. 11 to 140 counts for zero integration (with an overranged conversion of greater than 2,060 counts, 
the zero integrator phase will require 740 counts, and auto-zero will require 260 counts). 

4. 910to 2900 counts for auto-zero (for signals less than full-scale, auto-zero gets the unused portion 
of reference deintegration and zero integration). 


The total measurement cycle requires 4,000 counts or 16,000 clock pulses. A 48-kilohertz oscillator would 
be required for three readings per second. 


r— Sa ee SS i tial —_—_ Setanta mere ——-a Ee —az =~ ——— i tenteell —— A = oe 

FROM i | 
EXTERNAL — | 

OSCILLATOR, ae 
“9 TO COUNTERS 
(40) 
S CRYSTAL 
oR 2 


NOTE: This figure shows all three external control circuits connected; however, only one external circuit (crystal, RC network or external 
oscillator) is connected for proper operation. 


FIGURE 3. CLOCK CIRCUITS 


component value selection 
integrating resistor 


The buffer amplifier and integrator class A output stages require approximately 6 microamperes of quiescent 
current and can source —1 microampere of current without inducing any significant nonlinearity. The 
integrating resistor should be sufficiently large that the buffer amplifier and integrator will remain in this 
linear region. However, the resistor must also be small enough that PC board leakage remains insignificant. 
Values of 180 kilohms and 1.8 megohms are recommended for the respective 200-millivolt and 2-volt 
full-scale voltages. 


integrating capacitor 


The integrating capacitor should be chosen to give the maximum voltage swing, yet not allow the combined 
tolerances of the integrating resistor and capacitor to cause the integrator to saturate. The linear range 
of the integrator extends to within 0.3 volt of Vcc — or Vcc +. A +2-volt full-scale integrator swing works 
fine when analog common is used as the reference. Capacitor values of 0.047 microfarad and 0.15 micro- 
farad are recommended for 3 (48-kilohertz oscillator) and 1 (16-kilohertz oscillator) readings per second 
respectively. As the oscillator frequency is increased, the capacitor value must be decreased to maintain 
the same output swing. Polypropylene capacitors are recommended because of their reasonable cost and 
low dielectric absorption, which produces low roll-over errors. 
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FIGURE 4. TIMING DIAGRAM 
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auto-zero capacitor 


The size of this capacitor has an effect upon the noise of the system. For 200-millivolt full-scale applications, 
in which noise must be kept to a minimum, a 0.47-microfarad capacitor is recommended. The zero-integrator 
phase allows the use of a large auto-zero capacitor without the accompanying hysteresis or overrange 
hangover problems that can occur with the ICL7126 or ICL7106. 


reference capacitor 


A 0.1-microfarad capacitor is fine for most applications. However, with large common-mode signals, if 
the REF LO pin is not connected to analog COMMON and the full-scale voltage is 200 millivolts, a larger 
capacitor is required to prevent rollover error. A 1-microfarad capacitor will hold this rollover error to 
0.5 counts. 


oscillator components 
A 50-pF capacitor is recommended for all frequency ranges. The resistor can be selected from the equation: 
f = 0.45/RC 


where: R = 180 kilohms for 48-kilohertz oscillator (3 readings per second) and 560 kilohms for 16-kilohertz 
oscillator (1 reading per second). 


reference voltage 


An input voltage of 2 Vref is required to obtain a full-scale reading of 2,000 counts. Therefore, for a full- 
scale of 200 millivolts and 2 volts, Vre¢ should be 100 millivolts and 1 volt respectively. In many situations, 
the designer might like to have a full-scale voltage other than 200 millivolts or 2 volts. In situations where 
the designer desires a full-scale voltage of X volts, the designer can select a Vref of X/2 volts. The value 
of the integrating resistor can be determined by the following equation: 


X volts (desired full-scale) Value of Integrating Resistor for X volts full-scale 
200 mV 180 kQ (integrating resistor for 200 mV full-scale) 


If X volts is greater than 200 millivolts, it is better to work with an X/2 volts reference, since dividing 
the X volts down to 200 millivolts will cause the input signal to be more susceptible to noise. 


Sometimes a designer will want a digital reading of zero when V| does not equal zero. This desire can 
be met by connecting Vj between IN HI and COMMON and the zero-reading V; between COMMON and 
IN LO. 
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® Advanced LinCMOS™ Silicon-Gate D OR N PACKAGE 
Technology (TOP VIEW) 
@ Easily Interfaced to Microprocessors ? 
@ On-Chip Data Latches 
® Guaranteed Monotonicity 2 
@ Segmented High-Order Bits Ensure Low- = 
Glitch Output = 
‘ O 
@ Designed to be Interchangeable with Analog fo 
Devices AD7524, PMI PM-7524, and Micro oO 
Power Systems MP7524 o 
@® Fast Control Signaling for Digital Signal a 
Processor Applications Including Interface A 
with TMS320 < 
© 
3 
Resolution 8 Bits Q 


Linearity error Y% LSB Max 


Power dissipation 
at Vpp = 5 V 

Settling time 

Propagation delay 


5 mW Max 


100 ns Max 
80 ns Max 


description 


The TLC7524 is an Advanced LinCMOS”™ 8-bit digital-to-analog converter (DAC) designed for easy interface 
to most popular microprocessors. 


The TLC7524 is an 8-bit multiplying DAC with input latches and with a load cycle similar to the ‘‘write”’ 
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in 
the most-significant bits, which produce the highest glitch impulse. The TLC7524 provides accuracy to 
% LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 milliwatts 
typically. 


Featuring operation from a 5-V to 15-V single supply, the TLC7524 interfaces easily to most microprocessor 
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the TLC7524 an ideal choice for many 
microprocessor-controlled gain-setting and signal-control applications. 


The TLC7524I is characterized for operation from —25°C to 85°C, and the TLC7524C is characterized 
for operation from O°C to 70°C. 
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functional block diagram 


DATA INPUTS 
operating sequence 
Sanat ‘su(CS)———“}q¢__pt— rae oe 
ts \ —, 
ES 3 i una 
I 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TR CIR EI ES RONE 5 op. pce itp cuca cae aE EE a Se Ee be ee -0.3 V to 16.5 V 
iDirateene SUMS WUE, NE 0 ea rte ees a oe SS hn Whe -—0.3 V to Vpp +0.3 V 
RPO Cee Sent eels ae ei hd CL PNAS pare as waters EOE cpa c ip OR AGG AG gs ove ROE Sp ee oe +25 V. 
PGK eet WIG. CL ai ie ees be ote nh he a RD ee Ow Oe a 10 pA 
Operating free-air temperature range: TLC7524] ............... 2.0.0.0 eee — 25°C to 85°C 

Wie Petes ees on kk Pee a eae 0°C to 70°C 
stot nce tamper ce. TAG « sss oP so ee ee ed a a ee ee ~65*C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................00-- 260°C 


recommended operating conditions 


Reference voltage, Vref 
High-level input voltage, Viy 13.5 


Low-level input voltage, Vi. 


TLC7524C 1) 70 


: : TLC75241 -25 85 
Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range, Vref = +10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


| 
leak a; DBO-DB7 atO V, WR, CS atO V, 
Output ig age curren a a Wand +200 ok 
OUT1 (Pin 1) Vref = +10 V 
| 


Data Acquisition Circuits 3} 


Output leakage current, DBO-DB7 at Vpp, WR, CS at 0 V, Pa 
+400 +200 nA 

OUT2 (Pin 2) Vref = +10 V oO 
G0 Suppy curont auescaniy_| DSOD87 et Vinmin oF Vuimen [|] 
[9p Supply current (standby) | BBODBT at OV or VDD aS ME 

| It itivity, 

fgg EL AVGD = HADS 0.01 0.16 0.005 0.04 | %FSR S 

Again/AVpp 
C; Input capacitance, ear oF cc 
' _DBO-DB7, WR, TS Ee oO 
our | 080087 OV, —| 

nce, as 
o_ Output eapaceneeoorz| WR and 5 at OV 2 oo 
out | BBSBBT a Vop. 120 : 
itance ees paar 

e Output capacitance Foura"| WR and CS at 0 V ae Saeeee e 

Reference input impedance © 

5 20 kQ 2 
(Pin 15 to GND) 
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operating characteristics over recommended operating free-air temperature range, Vref = +10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 


2 
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NOILVINYOSINI JDNVAGV | 


digital input to 90% of See Note 2 
final analog output current) 


Temperature coefficient of gain} Ta = 25°C to MAX 


tTypical values at Ta = 25°C. 
NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vref — 1 LSB. 


Vref = +10 V (100-kHz sinewave) 
WR and CS at O V, DBO-DB7 at O V 


2. OUT1 load = 100 Q, Coy = 13 pF, WR at O V, CS at O V, DBO-DB7 at O V to Vpp or Vpp to 0 V. 


principles of operation 


The TLC7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches, 
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order 
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally 
weighted current sources. Most applications only require the addition of an external operational amplifier 
and a voltage reference. 


The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire 
reference current, lref, is switched to OUT2. The current source I/256 represents the constant current 
flowing through the termination resistor of the R-2R ladder, while the current source likg represents leakage 
currents to the substrate. The capacitances appearing at OUT1 and OUT2 are dependent upon the digital 
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2 
and the on-state switch capacitance (120 pF maximum) appears at OUT1. With all digital inputs low, the 
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to 
Figure 1; however, in this case, lref would be switched to OUT1. 


Interfacing the TLC7524 D/A converter to a microprocessor is accomplished via the data bus and the CS 
and WR control signals. When CS and WR are both low, the TLC7524 analog output responds to the data 
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data 
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the 
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs 
are disabled regardless of the state of the WR signal. 


The TLC7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 
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principles of operation (continued) 


RFB 
R 
OUT1 
likg t si 30 pF 
lef —> 
REF OUT2 


FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 


Vref Vbpb 


Data Acquisition Circuits NI 


Ra = 2kQ2 
(See Note 3) 


DBO-DB7 ee 


C (See Note 4) 


5 3 
an 


FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 


Vref VpD 

= 
Ra = 2ko oO 
(See Note 3) _ 
a 

(See Note 4) OUTPUT 
oso87 | S 
c 
cs O 
WR LL. 
= 
FA LL 
= 6) 
FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION) a 
NOTES: 3. Ra and Rg used only if gain adjustment is required. - 
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation. QO 
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principles of operation (continued) 
TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 
DIGITAL INPUT DIGITAL INPUT 
(SEE NOTE 5) ANALOG OUTPUT (SEE NOTE 6) ANALOG OUTPUT 
MSB LSB MSB- LSB 
11111111 11111111 


2 


Vref (127/128) 


10000001 ~Vref (129/256) 10000001 Vref (1/128) 
10000000 —Vref (128/256) = —Vre¢/2 10000000 0 

01111111 — Vref (127/256) 01111111 ~ Vref (1/128) 
00000001 — Vref (1/256) 00000001 ~Vref (127/128) 


00000000 0 00000000 — Vref 


= 1/128 (Vre4). 


NOTES: 5. LSB 
6. LSB 


microprocessor interfaces 
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DATA BUS 


DBO-DB7 
OUT1 


WR TLC7524 


OUT2 


CS 


DECODE 
LOGIC 


IN 


ADDRESS BUS 


FIGURE 4. TLC7524—2-80A INTERFACE 


DATA BUS 


DBO-DB7 

ee OUT1 

e WR TLC7524 
Ets OUT2 


CS 


DECODE 
LOGIC 


A 
ADDRESS BUS 


FIGURE 5. TLC7524—6800 INTERFACE 
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microprocessor interfaces (continued) 


A8-A15 


ADDRESS BUS 4 


8051 


s-BiT |_—2 


LATCH 
nas Sa 


OUT1 


WR TLC7524 


OUT2 
DBO-DB7 


ADDRESS/DATA BUS 


FIGURE 6. TLC7524—8051 INTERFACE 
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D2979, JANUARY 1987 


@ ADVANCED LinCMOS"™ Silicon-Gate N DUAL-IN-LINE PACKAGE 
Technology (TOP VIEW) 


@ Easily interfaced to Microprocessors AGND (]1 U20f] outs 
: OUTA | ]2 19] | RFBB 
@ On-Chip Data Latches RFBA [13 181] REFB 
@ Guaranteed Monotonicity REFA [_}4 171} Vpp 
‘ DGND | j5 16] |] WR 
DACA/DACB | |6 151] CS 
(MSB) DB7 | 7 14] | DBO (LSB) 
@ Fast Control Signaling for Digital Signal DB6 [| j8 131] DB1 
Processor Applications Including Interface DB5 { }9 12| ] DB2 
with TMS320 DB4[}10 §=111]DB3 


KEY PERFORMANCE SPECIFICATIONS 


Resolution 8 bits 
Linearity Error 1/2 LSB 


Designed to be Interchangeable with Analog 
Devices ADC7528 and PMI PM-7528 


Power Dissipation at Vpp 5 mW 
Settling Time at Vpp = 5 V 100 ns 
Propagation Delay at Vpp 80 ns 


Data Acquisition Circuits By& 


description 


The TLC7528 is a dual 8-bit digital-to-analog converter designed with separate on-chip data latches and 
featuring excellent DAC-to-DAC matching. Data is transferred to either of the two DAC data latches via 
a common 8-bit input port. Control input DACA/DACB determines which DAC is to be loaded. The ‘‘load’’ 
cycle of the TLC7528 is similar to the ‘‘write’’ cycle of a random-access memory, allowing easy interface 
to most popular microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches 
during changes in the most significant bits, where glitch impulse is typically the strongest. 


The TLC7528 operates from a 5-volt to 15-volt power supply and dissipates less than 15 mW (typical). 
Excellent 2- or 4-quadrant multiplying makes the TLC7528 a sound choice for many microprocessor- 
controlled gain-setting and signal-control applications. 


The TLC7528I is characterized for operation from —25 to 85°C. The TLC7528C is characterized for 
operation from O°C to 70°C. 


ADVANCE INFORMATION 
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functional block diagram 
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DB7 7) 


CONTROL 


operating sequence 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vop (to AGND-GFUGND) 6005) Des Vee rn POY. —0.3 V to. 16.5 ¥. 
WGMBOG GNU ea ettaANU OU Aisne so ki aoe en Wines evs Vows ESA Dee a be ee ets +VpDpD 
WUE a Ory Wa) CI) ns + ccs bo a ss A ee eke lp Pik ce ee ee wee -0.3 V to Vpp +0.3 
Rererence Vonage, VistA OF Vpatts 0: AGND) Vo a a ee ce ee +25 V 
CHT Vols WLid AE TE 10) Pecan eee oS Loe Pewee see Rohe 2a 
Oe rite TENE get ar oe he a oe A Ore I SS ae Beet Eas ee ek ee 10 pA 
Operating free-air temperature range: TLC75281 ............. 2.0000 ce eee —- 25°C to 862C 

Fatah RIE dk en a es ae O°C to 7078. 
StOl aan AGInNerntate Pane is a. Guba 2 epee oe a le -65°C toa 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................000- 260°G 


recommended operating conditions 


Seu 


Reference voltage, VrefaA Or VrefB +10 
5 


UNIT 


V 
V 
V 


ee ie ee 
FHighsovelinput vohege, Vig 
lopsembrou wines, Wy. 
pacman the, Geidey ns Ge ee 
Roce cle 1: eREOREaS Sai een Seas Re heen Saar eee 
[DAC select setup time, tupac) ——SSSSSSSCSC—C~—“—tisSS 
 baGeslect hoki tme, oacy” 
[Data bus input hold time toy) ——SSSSSSCSC~sCC 
| Pulse duration, WRiow,twwry | OO 
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Be Eee 
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Data Acquisition C 
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electrical characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and Vog at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


NH High-level input current Vi = Vpb 
Hi Low-level input current Vi = OV 


Reference input impedance 
DACA data latch loaded 
‘with 00000000, 
"4 Output leakage VrefA = +10 V 
9 current DACB data latch loaded 
VrefB = +10 V 
Input resistance match 
i 


2 
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DC supply sensitivity, 
‘eee, : AVpp = +10% 
A gain/A Vpp 
: DBO-DB7 at Viyymin or 
Ipp Supply current (quiescent) 
Vi_tmax 


IpDp Supply current (standby) _ DBO-DB7 at O V or Vpp 


DBO-DB7 
input 
capacitance WR, CS 
DACA/DACB 


DAC data latches loaded 
Output capacitance, with OOOO00000 


(OUTA, OUTB) DAC data latches loaded 
with 11111111 


TAIl typical values are at Ta = 25°C. 
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operating characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and Vog at 0 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


faahvene ate he ee 
Settling time (to 1/2 158) 


eins eg emp corns MEN en 
: See Note 5 
to 90% of final analog output current 
Channel-to- 77 
77 
Measured for code transition from 
Digital-to-analog glitch impulse area 00000000 to 11111111, 
Ta = 25°C 
Measured for code transition from 
Digital crosstalk glitch impulse area 00000000 to 11111111, 


Ta = 25°C 


2 


ircuits 


Data Acquisition C 


NOTES: 1. OUTA, OUTB load = 100 Q, Cex = 13 pF; WR and CS at 0 V; DBO-DB7 at 0 V to Vpp or Vpp to O V. 
2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vre¢ — 1 LSB. 
3. Vref = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with OO000000. 
4. Temperature coefficient of gain measured from O°C to 25°C or from 25°C to 70°C. 
5. VrefA = VrefB = 10 V; OUTA/OUTB load = 1000, Cex = 13 pF; WR and CS at 0 V; DBO-DB7 at 0 V to Vpp or Vpp to OV. 
6. Both DAC latches loaded with 11111111; Vrefa = 20 V peak-to-peak, 100-kHz sine wave; Vrefg = 0; Ta = 25°C. 
7. Both DAC latches loaded with 11111111; Vre¢—g = 20 V peak-to-peak, 100-kHz sine wave; Vrefa = 0; Ta = 25°C. 


principles of operation 


The TLC7528 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists 
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched 
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of 
the switch state. Most applications require only the addition of an external operational amplifier and voltage 
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1. 


Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both 
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows 
to OUTA. A small leakage current (I|kg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10°C. Cog is due to the parallel combination of the NMOS switches and has a value 
that depends on the number of switches connected to the output. The range of Co is 50 pF to 120 pF 
maximum. The equivalent output resistance ro varies with the input code from 0.8R to 3R where R is 
the nominal value of the ladder resistor in the R-2R network. 


Interfacing the TLC7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB 
control signals. When CS and WR are both low, the TLC7528 analog output, specified by the DACA/DACB 
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are 
transparent and input data directly affects the analog output. When either the CS signal or WR signal 
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When 
CS is high, the data inputs are disabled regardless of the state of the WR signal. 


The digital inputs of the TLC7528 provide TTL compatibility when operated from a supply voltage of 5 V. 
The TLC7528 may be operated with any supply voltage in the range from 5 V to 15 V, however, input 
logic levels are not TTL compatible above 5 V. 
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VReF A 


FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 


RFBA 


VREFA OUTA 
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FIGURE 2. TLC7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111. 


MODE SELECTION TABLE 


DACA 
DACB 
DACB 
L L L 


H L 
X Xx 
X H 


L = low level, H = high level, X = don’t care 
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TYPICAL APPLICATION DATA 


The TLC7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 


Vi(A) 
+10V 


R1 (See Note 1) 
RFBA 


R2 (See Note 1) 


(17) 


Data Acquisition Circuits Bp 


an DBO aN 

° ° INPUT 

e | e BUFFER VOA 
(7) DB7 

| DACA/ Eerias 

(6) .DACB 
(15) °CS CONTROL C2 (See Note 2) 
(16) "WR LOGIC 

(5) Vos 


RECOMMENDED TRIM = AGND 
R1,R3 5000 Vi(B) 
R2,R4 1509 +10 V 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment 
with digital input of 255. 
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing 
or oscillation. 


FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 
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TYPICAL APPLICATION DATA 


Vita) 
+10V R6 (See Note 2) 


R1 (See Note 1) 
R2 (See Note 1) 


Vv I 


(14)! pBo R5 
8 
sd e INPUT 
i Se ee ees = 
| ata, 4 ne id 
ie) 'pace 
(15) CS CONTROL C2 (See Note 3) R8 
(16) WR LOGIC (See Note 2) 
LATCH RO i= 
(5) 


= AGND 


R3 (See Note 1) (See Note 2) R12 
R10 5 ka 
+10V 20 ko = 


Vi(B) 


NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 5 for recommended values. Adjust R1 
for VoA = O V with code 10000000 in DACA latch. Adjust R3 for Vog = O V with 10000000 in DACB latch. 
2. Matching and tracking are essential for resistor pairs R6, R7, RY, and R10. 
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers. 


FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 
MSB__iLSBt MSB-_ LSB? 
11111111 —Vj (255/256) 11111111 Vj (127/128) 
10000001 —Vj (129/256) 10000001 Vj; (1/128) 
10000000 —Vj (128/256) = —Vj/2 10000000 Ov 
01111111 —Vj (127/256) 01111111 —Vj (1/128) 
00000001 —Vj (1/256) 00000001 —Vj (127/128) 
00000000 —Vj; (0/256) = 0 00000000 —Vj (128/128) 
t1LsB = (2-8)v; + 14LSB = (2-7)V;j 
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TYPICAL APPLICATION DATA 


microprocessor interface information 


ADDRESS 
DECODE 


Data Acquisition Circuits B® 


DATA BUS 


NOTE: A = decoded address for TLC7528 DACA. 
A+1 = decoded address for TLC7528 DACB. 


FIGURE 5. TLC7528 — INTEL 8051 INTERFACE 


ADDRESS 
DECODE 
LOGIC 
= 
x 
DATA BUS cc 
‘e) 
LL. 
NOTE: A = decoded address for TLC7528 DACA. Pa 
A+1 = decoded address for TLC7528 DACB. su 
FIGURE 6. TLC7528 — 6800 INTERFACE C) 
a 
a 
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TYPICAL APPLICATION DATA 


NOTE: A = decoded address for TLC7528 DACA. 
A+1 = decoded address for TLC7528 DACB. 


FIGURE 7. TLC7528 TO Z80-A INTERFACE 


programmable window detector 


The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC 
feedback resistors are within the limits programmed into the TLC7528 data latches. Input signal range 
depends on the reference and polarity, that is, the test input range is O to — Vref. The DACA and DACB 
data latches are programmed with the upper and lower test limits. A signal within the programmed limits 
will drive the output high. 


Vpp Vec 


TEST 
INPUT 
0 TO -Vret 1 ko 


> 
0 
< DATA 
> INPUTS 
= PASS/FAIL 
OUTPUT 
mm 
a 
O + Vref 
= 
e 
oO FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER) 
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U 
ton TEXAS aig 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADVANCE | TLC7528 


INFORMATION Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


TYPICAL APPLICATION DATA 


digitally controlled signal attenuator 


2 


Figure 9 shows the TLC7528 configured as a two-channel programmable attenuator. Applications include 
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation for a O to 15.5 dB 


range. 2 
Attentuation db = — 20 log;9 D/256, D = digital input code a 
ae 
(17) (3) O 
v 
(4) ° 
VinA paca OUTPUT a 
2 
| 
y 4 
|< DATA BUS x 
TLC7528 
& 
© 
a 
Vos 
FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR 
TABLE 3. ATTENUATION vs DACA, DACB CODE 
CODE IN CODE IN 
ATTN(dB) DAC INPUT CODE ATTN(dB) DAC INPUT CODE 
sin DECIMAL as DECIMAL 
0 11111111 255 8.0 01100110 102 
0.5 11110010 242 8.5 01100000 
1.0 11100100 228 9.0 01011011 
1.5 11010111 215 9.5 01010110 a 
2.0 11001011 203 10.0 01010001 O 
2.5 11000000 192 10.5 01001100 76 i 
3.0 10110101 181 11.0 01001000 72 me 
3.5 10101011 171 11.5 01000100 68 Ss 
4.0 10100010 162 12.0 01000000 64 
4.5 10011000 152 12.5 00111101 61 oc 
5.0 10010000 144 13.0 00111001 57 O 
5.5 10001000 136 13.5 00110110 54 bd 
6.0 10000000 128 14.0 00110011 51 = 
6.5 01111001 121 14.5 00110000 48 Lu 
7.0 01110010 114 15.0 00101110 46 QO 
7.5 01101100 108 15.5 00101011 43 > 
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TLO7528 ADVANCE 
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING INFORMATION 
DIGITAL-TO-ANALOG CONVERTER 


TYPICAL APPLICATION DATA 
programmable state-variable filter 


This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band- 
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required. 


As shown in Figure 10, DACA1 and DACB1 control the gain and QO of the filter while DACA2 and DACB2 
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for 
the cutoff-frequency equation to be true. With the TLC7528, this is easily achieved. 


alegre Sree 
C ~ 2n R1 C1 


The programmable range for the cutoff or center frequency is 0 to 15 kHz with a Q ranging from 0.3 to 
4.5. This defines the limits of the component values. 


c3 


47 pF 
Vv (4) }REFA OUTAI (2) R5 
I DACA 

— yoo RFBA 
(14) pBo 

DATA > a7 e AGND 

IN ° R3 HIGH PASS 
c pou : - 
OUTB 

(16)} 


(18) = 


BANDPASS 
OUT 


LOW PASS 
OUT 


CIRCUIT EQUATIONS: 
Ci = C2, Ri = Ro. Rq = Rs 


DACA2 AND DACB2 


O R3 Re 
R4 Rfb(DACB1) 
R 
Ao el ba 
Rs 


NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. 
B. C3 compensates for the op-amp gain-bandwidth limitations. 
256 x (DAC ladder resistance) 


C. DAC equivalent resistance equals 
7 ” DAC digital code 


FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER 
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PRODUCT TLO75331, TLC7533C 
PREVIEW Advanced LinCMOS™ 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 


D2166, OCTOBER 1986 
ADVANCED LinCMOS” Silicon-Gate N DUAL-IN-LINE PACKAGE 

Technology (TOP VIEW) 

Guaranteed Monotonicity out1(]1 Wiel) ree 


: . OUT2 | _]2 15|_] REF 
Fast Settling Time 
. GNDLJ3 = 141] Vpp 


CMOS/TTL Compatible (MSB) BIT 1[]4 ~=13[]BIT 10 (LSB) 
Fite a BIT2L]5 12,J)BIT9 
Four-Quadrant Multiplication Bit 36 iitlsits 
Designed to be Interchangeable with Analog BIT 4L]7 10| J BIT 7 
Devices AD7533, AD7520, and PMI BIT 5L]8 9| |BIT 6 


PM-7533 


KEY PERFORMANCE 
SPECIFICATIONS 


Resolution 10 Bits 


Linearity Error 1/2 LSB 
Power Dissipation| 30 mW 
Settling Time 150 ns 


description 


The TLC7533 is an ADVANCED LinCMOS™ 10-bit digital-to-analog converter featuring two- and four- 
quadrant multiplication. 


The TLC7533 is pin and functionally equivalent to the AD7520 and AD7533. Texas Instruments advanced 
thin-film-on-monolithic-CMOS fabrication process provides 10-bit linearity without laser trimming. 


The TLC7533 features TTL or CMOS compatibility with low input leakage currents from 5-V to 15-V power 
supplies. Output scaling is provided by an internal feedback resistor and an external operational amplifier. 
Both positive and negative reference voltages can be utilized. 


The TLC75331 is characterized for operation from —25°C to 85°C. The TLC7533C is characterized for 
operation from O°C to 70°C. 


Data Acquisition Circuits B® 
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TLC75331, TLC7533C : | PRODUCT 
Advanced LinCMOS™ 10-BIT MULTIPLYING | PREVIEW 
DIGITAL-TO-ANALOG CONVERTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


eye WENCAHOO el a COUN RURNER DP oe las ete Ka eck Are ok ae, Bn a cg eee eane See oe -—0.3 V to 16.5 V 
PRenreME: WEES, VOICI WE Sica ish 55.0 ss cle ales wera ele Cah ad bos scaly Da nS -—0.3 to Vpp + 0.3 V 
ple S| SERS 608 RAR it PE A RR ae A MP PEEL Ie. 2 -Tecliore RNR QA Sg aba Syn £25-¥ 
Operating free-air temperature range: TLC75331 .......... 0.0.0.0. eee es — 25°C to 85°C 

TUG PO SI yates ic te tld ae eee Gee O£C te 70°C 
MIT UIS LONI ACR UU UY COTE nike ch gE Sa ax boaters? ae el T-GOK a, 'n 0 8 eE e ae - 65 °C to..150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...............2200005 260°C 


NOTE 1: All voltage values are with respect to the network ground terminal. 


recommended operating conditions 


| MIN NOM MAX | UNIT 
Supply voltage, Vpp tack aR 
Reference voltage, Viet 


High-level input voltage, Vij 
Low-level input voltage, Vj, 


l TLC75331 
Operating free-air temperature, Ta TLC7533C 


electrical characteristics over recommended operating temperature range, Vpp = 15 V, 
Vref = £10 V, OUT1 and OUT2 at O V (unless otherwise noted) 


, PARAMETER TEST CONDITIONS 
I Input leakage current, digital input V; = Oor Vpp 


Fry Input resistance (pin 16) (see Note2) SST 
4 
SVS (AA\/AVpp) (see Note 3) Digital inputs at Vip 

eee ee ee ee 


Digital inputs at Viy 
Co Output capacitance 
Digital inputs at Vj, 


NOTES: 2. Temperature coefficient is approximately —300 ppm/°C. 
3. Ay is the ratio of the DAC’s external operational amplifier output voltage to the REF input voltage when using the internal 
feedback resistor. 


operating characteristics over recommended operating free-air temperature range, VDp = 15 V, 
Vref = 10 V, OUT1 and OUTZ2 at O V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Digital inputs at Vip, See Notes 4 and 5 


To +0.05% FSR, R_ = 100 Q, 
Digital inputs changing from Vip to VjL, or Viz to Vip 


Digital inputs at Vj,, 


Feedth h 
eae Vref = +10 V sine wave at 100 kHz 


NOTES: 4. Practical Full Scale Range (FSR) = Vre¢ — 1 LSB. 
5. Gain error is measured using the internal feedback resistor. Full-Scale (FS) = —Vre¢ (1023/1024). Maximum gain change 
from Ta = 25°C to minimum or maximum temperature is 0.1% FSR. 


2-264 TEXAS ti 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


PRODUCT TLC75331, TLC7533C 
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PRINCIPLES OF OPERATION 


The TLC7533 is a 10-bit multiplying D/A converter consisting of an inverted R-2R ladder and analog 
switches. Binary-weighted currents are switched between the OUT1 and OUT2 bus lines by NMOS current 
switches. The on-state resistances of these switches are binarily scaled so that the voltage drop across 
every switch is the same. The OUT1 and OUT2 bus lines should be maintained at the same potential so 


2 


” 
that the current in each ladder leg remains constant and is independent of the switch state. Most applications = 
require only the addition of an external operational amplifier and a voltage reference. oO 

he 
The equivalent circuit for all digital inputs low is shown in Figure 1. With all of the digital inputs low, the Ss) 
entire reference current, lref, is switched to OUT2 as shown in Figure 2. The current source lref/1024 c 
represents the constant current flowing through the termination resistor of the R-2R ladder; while the current oO 
source Iikg represents leakage currents to the substrate. The output capacitances, Co(1) and Co(2), are os 
due to the capacitance of the NMOS current switches and vary with the switch state. With all digital inputs 3 
low, all of the current switches and the entire resistor ladder are switched to the OUT2 bus line. The fox 
Capacitance appearing at OUT2 is a maximum of 100 pF; at OUT1 there is a maximum of 35 pF. With g 
all digital inputs high, all of the current switches are switched to OUT1, and 100 pF maximum appears 
at OUT1. A maximum of 35 pF appears at OUT2 as shown in Figure 3. Ss 
co , 
an) 
REF 
OUT2 
OUT1 
RFB 
BIT1 BIT2 BIT3 BIT10 
FIGURE 1. SIMPLIFIED DAC CIRCUIT — ALL DIGITAL INPUTS LOW 
OUT2 s 
1 t 35 pF Lu 
Ikg oe S 
= = = = = LL 
FIGURE 2. DAC EQUIVALENT CIRCUIT — FIGURE 3. DAC EQUIVALENT CIRCUIT — a 
ALL DIGITAL INPUTS LOW ALL DIGITAL INPUTS HIGH ea 
O 
oat 
re 
co 
0. 
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TYPICAL APPLICATION DATA 


The TLC7533 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 4 and 5. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 


i5v Vv 


Ra = 2 kQ 
Y™ (see Note 6) 
Rp (see Note 6) 


C1 (see Note 7) 


Vpp 


REF 


DIGITAL 
INPUT 


FIGURE 4. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 


15V Vi 


Ra = 2 ko 
(see Note 6) 20 kQ 
Rg (see Note 6) 


VDD REF 


FIGURE 5. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


NOTES: 6. Ra and Rg are used only if gain adjustment is required. 
7. Cz (10-33 pF) may be required for phase compensation when using high-speed op-amps. 


TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 


DAC DIGITAL INPUT DAC DIGITAL INPUT 
ANAL UTPUT 
MSB.LSBt ANALOG OUTPUT MSB.LSBt OG O U 


1111111111 —V; (1023/1024) 1111111111 +V; (511/512) 


1000000001 —V; (5613/1024) 1000000001 +V; (1/512) 
1000000000 —V; (512/1024) = —Vre¢/2 1000000000 0 

ST TF-41 1-71 —V; (5611/1024) 0111111111 —V; (1/512) 
0000000001 —V; (1/1024) 0000000001 —V; (511/512) 
0000000000 —V; (0/1024) = 0 0000000000 —V; (512/512) = -V, 


(2-10) vy 
(2-9) v 


T1 LSB 
+1 LSB 
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TYPICAL APPLICATION DATA 


The TLC7533 may be used in voltage output operation as shown in Figure 6. In this configuration, the 
input voltage is applied to the OUT1 terminal and the output voltage is taken from the REF terminal. The 
output voltage varies with the digital input code according to the equation shown. The output should be 
buffered to prevent loading errors due to the high output resistance of this circuit (typically 10 kilohms). 


2 


” 

The input voltage should not exceed 1.5 volts to ensure nonlinearity errors less than 1 LSB. = 
cS) 

a a er, — 

15V 0 = 310 1 SS) 

— 

2 

VpD O 

DIGITAL ~ : <2 gages = 
INPUT ° TLC7533 oO 
(D) qt 
© 

var) 

© 

a) 


FIGURE 6. VOLTAGE OUTPUT OPERATION 


By connecting the DAC in the feedback of an op-amp as shown in Figure 7, the circuit behaves as a 
programmable gain amplifier with the transfer function: 


1024 


where D = Digital Input Code (expressed as a decimal number) 
15V 


GAIN TABLE 


— 1.00097 


VDD_sirREF 


DIGITAL 
INPUT 


open loop 


FIGURE 7. PROGRAMMABLE GAIN AMPLIFIER 
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TYPICAL APPLICATION DATA 


The programmable function generator shown in Figure 8 produces both square and triangular wave output 
at a frequency determined by the digital input code. The digital input of the digitally programmable limit 
detector shown in Figure 9 determines the trip point of the PASS/FAIL output. For a digital input of 
00000 00000, the threshold is O V, for 11111 11111, the threshold is — Vref. 
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DIGITAL ss oA . 
INPUT TRIANGLE 
(D) S WAVE 
ek aod” Reg oN: Soa 
1024 \8 R, Cy 
Ry, = 10 kO 
FIGURE 8. PROGRAMMABLE FUNCTION GENERATOR 
15V Vref 
TEST INPUT (0 TO — Ves) 
DIGITAL 
INPUT PASS/FAIL OUTPUT 
(D) 
e D 
THRESHOLD Veet sa) 
"~U FIGURE 9. PROGRAMMABLE LIMIT DETECTOR 
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TYPICAL APPLICATION DATA 


15V Vref 


R D R 
Ves Viet bee Nm dees bee 
O ot {(er3e) 1024 (aa) 
= where: O < D < 1023 


FIGURE 10. MODIFIED SCALE-FACTOR AND OFFSET 
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FIGURE 11. 10-BIT AND SIGN MULTIPLYING DAC 
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PRODUCT TLC32040M, TLC320401 


PREVIEW ANALOG INTERFACE CIRCUIT 
D2964, FEBRUARY 1987 
@® ADVANCED LinCMOS” Silicon Gate Process J OR N PACKAGE 
Technology (TOP VIEW) 


14-Bit Dynamic Range ADC and DAC 


10-Bit ADC and DAC Linearity Over Any 
10-Bit Range 


Z 


” 
ged 
@ Variable ADC and DAC Sampling Rate Up to = 
19,200 Samples per Second o 
@ Switched-Capacitor Antialiasing Input Filter 
and Output-Reconstruction Filter 5 
® Serial Port for Direct Interface to = 
T™MS32011, TMS32020, and TMS32025 = 
Digital Processors = 
@® Synchronous or Asynchronous ADC and < 
DAC Conversion Rates with Programmable oS 
Incremental ADC and DAC Conversion NU—Nonusable; no external connection = 
Timing Adjustments should be made to these pins QO 
@ Serial Port Interface to SN54299 or 
SN74299 Serial-to-Parallel Shift Registers 
for Parallel interface to TMS32010 or Other 
Digital Processors 
description 
The TLC32040 is a complete analog-to-digital and digital-to-analog input/output system on a single 
monolithic CMOS chip. This device integrates a bandpass switched-capacitor antialiasing input filter, a 
14-bit resolution A/D converter, four microprocessor-compatible serial port modes, a 14-bit resolution D/A 
converter, and a low-pass switched-capacitor output-reconstruction filter. The device offers numerous 
combinations of Master Clock input frequencies and conversion/sampling rates, which can be changed 
via digital processor control. 
Typical applications for this IC include modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog 
interface for digital signal processors, speech recognition/storage systems, industrial process control, 
biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and 
instrumentation recorders. Four serial modes, which allow direct interface to the TMS32011, TMS32020, 
and TMS32025 digital signal processors, are provided. Also, when the transmit and receive sections of 
the Analog Interface Circuit (AIC) are operating synchronously, it will interface to two SN54299 or SN74299 
serial-to-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the 
TMS32010, other digital signal processors, or external FIFO circuitry. Output data pulses are emitted to S 
inform the processor that data transmission is complete, or to allow the DSP to differentiate between two Li 
transmitted bytes. A flexible control scheme is provided so that the functions of the IC can be selected > 
and adjusted coincidentally with signal processing via software control. Lu 
The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic cc 
transitional) low-pass and high-pass filters, respectively, and a fourth-order equalizer. The input filter is QO. 
implemented in switched-capacitor technology and is preceded by a continuous time filter to eliminate pe. 
any possibility of aliasing caused by sampled data filtering. When no filtering is desired, the entire composite oe) 
filter can be switched out of the signal path. A selectable, auxiliary, differential analog input is provided —“ 
for applications where more than one analog input is required. Q 
O 
cc 
ADVANCED LinCMOS" is a trademark of Texas Instruments Incorporated A. 
PRODUCT PREVIEW documents contain information s Copyright © 1987, Texas Instruments Incorporated 
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TLC32040M, TLC320401 PRODUCT 
ANALOG INTERFACE CIRCUIT PREVIEW 


description (continued) 


The A/D and D/A converters each have 14 bits of resolution with 10 bits of integral linearity guaranteed 
over any 10-bit range. The A/D and D/A architectures guarantee no missing codes and monotonic operation. 
An internal voltage reference is provided to ease the design task and to provide complete control over 
the performance of the IC. The internal voltage is brought out to a pin and is available to the designer. 
Separate analog and digital voltage supplies and grounds are provided to minimize noise and ensure a wide 
dynamic range. Also, the analog circuit path contains only differential circuitry to keep noise to an absolute 
minimum. The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry. 


The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter 
with a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed 
by a continuous-time filter to eliminate images of the digitally encoded signal. 


The TLC32040M is characterized for operation over the full military temperature range of —55°C to 125°C, 
and the TLC32040I is characterized for operation from —40°C to 85°C. 


functional block diagram 


IN+ SERIAL FSR 
PORT 
a DR 
EODR 
AUX IN + 
MSTR CLK 
AUX IN —- 
se canteen SHIFT CLK 
REFERENCE WORD/BYTE 
Dx 
FSx 
OUT + 
EODX 
OUT - 


TRANSMIT SECTION 


Vcoc+ Vcc-— ANLG DTGL Vpp REF RESET 
GND GND _ (DIG) 


pay TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


PRODUCT | | TLC32040M, TLC320401 
PREVIEW ANALOG INTERFACE CIRCUIT 


PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs, IN+, IN—, and AUX IN+, AUX IN —, are provided. Each input set can be operated 
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided. 
Normally, the IN+ and IN— inputs are used; however, the auxiliary inputs, AUX IN+ and AUX IN-—, can 
be used if a second input is required. The gain for the IN+, IN—, and auxiliary AUX IN+ and AUX IN —- 
inputs can be programmed to either 1, 2, or 4 (see the Gain Control Table). Either input circuit can be 
selected via software control. It is important to note that a wide dynamic range is assured by the differential 
internal analog architecture and by the separate analog and digital voltage supplies and grounds. 


A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion rate timing 


A/D 


The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this 
filter is presented in the following pages. This response results when the switched-capacitor filter clock 
frequency is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter 
clock. When the filter clock frequency is not 288 kHz, the filter transfer function is frequency-scaled by 
the ratio of the actual clock frequency to 288 kHz. The low-frequency roll-off of the high-pass section 
is 300 kHz. However, the high-pass section low-frequency roll-off can be changed to 200 kHz with a metal 
mask option. 


The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the 
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate 
that the RX Counter A can be programmed to give a 288-kHz bandpass-switched capacitor filter clock 
for several Master Clock input frequencies. 


The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor 
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 


converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with 
switched-capacitor techniques provides an inherent sample-and-hold. 


analog output 


D/A 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


low-pass filter, D/A low-pass filter clocking, and D/A conversion rate timing 


The frequency response of this filter is presented in the following pages. This response results when the 
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function 
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided 
on the output of the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough. 


The D/A conversion rate is then attained by frequency-dividing the 288-kHz switched-capacitor filter clock 
with TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. 
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PRINCIPLES OF OPERATION (continued) 


asynchronous versus synchronous operation 


If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) 
are operated asynchronously, the low-pass and band-pass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the 
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass 
and band-pass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal 
to, the D/A conversion rate timing. (See description of the WORD/BYTE pin in the Pin Functional Description 
Section.) 


converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


Sin x/x correction circuitry is performed in digital signal processor software. The system frequency response 
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of 
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin x/x Correction Section 
for more details). 


serial port 


MalAddd LONGOYd 


The serial port has four possible modes that are described in detail in the pin description section. These 
modes are briefly described below. 


1. The transmit and receive sections of the AIC are operated asynchronously, and the AIC serial 
port interfaces directly with the TMS32011. 


2. The transmit and receive sections of the AIC are operated asynchronously, and the AIC serial 
port interfaces directly with the TMS32020 and the TMS32025. 


3. The transmit and receive sections of the AIC are operated synchronously, and the AIC serial port 
interfaces directly with the TMS32011. 


4. The transmit and receive sections of the AIC are operated synchronously, and the AIC serial port 
interfaces directly with the TMS32020, TMS32025, or two SN54299 or SN74299 serial-to- 
parallel shift registers, which can then interface in parallel to the TMS32010, to any other digital 
signal processor, or to external FIFO circuitry. 


testing 


An addendum accompanying this data sheet fully describes the test capabilities of the IC, provided by 
the design. 


internal voltage reference 


The internal reference eliminates the need for an external voltage reference, and thus provides overall circuit 
cost reduction. Additionally, the internal reference makes the performance of the IC less susceptible to 
noise. Thus, the internal reference eases the design task and provides complete control over the performance 
of the IC. The internal reference is brought out to a pin and is available to the designer. To keep the amount 
of noise on the reference signal to a minimum, an external capacitor may be connected between REF and 
ANLG GND. 
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PRINCIPLES OF OPERATION (continued) 


reset 


2 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including 


the control register. The reset pin has an internal pull-up resistor. After a negative-going pulse on the RESET 2 
pin, the AIC will be initialized. This initialization allows normal serial port communications activity to occur s 
between AIC and DSP (see AIC DX Data Word Format section). 2 
O 

loopback c 
This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally < 
connected to the IN+ and IN— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX a 
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison = 
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some 3. 
difference in these bits due to the ADC and DAC output offsets. r= § 
The loopback feature is implemented with digital signal processor control by transmitting the appropriate g 
serial port bit to the control register (see AIC Data Word Format section). Oo 


DESCRIPTION 
eet ce ee 


ANLG GND_ 17,18 Analog ground return for all internal analog circuits. Not internally connected to DGTL GND. 


AUX IN+ 24 Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter 


path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace 
the IN+ and IN-— inputs. If the bit is a 0, the IN+ and IN— inputs will be used (see the AIC DX Data Word 

AUX IN- 23 

DGTLGND' 9 


é 
cab 
aon 
eS 


Format section). 


Inverting auxiliary analog input (see the above AUX IN+ pin description). 


Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 
This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission 


of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 

This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 
(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been 
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 


m 
| 
= s) 


upon completion of serial communications. Also, this signal can be used to strobe and enable external serial- 
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications 
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low 
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the 
second byte has been transmitted. The TMS32011 can use this low-going signal to differentiate between 
the two bytes as to which is first and which is second. 
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DESCRIPTION 
ee ee | 
EODX 11 


(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control 
or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used 


to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used 
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 
parallel, data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte- 
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to 
the AIC and is kept low until the second byte has been transmitted. The TMS32011 can use this low-going 
signal to differentiate between the two bytes as to which is first and which is second. 
In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held 
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from 
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes 
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.) 


When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 
DX pin AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, the FSX 
pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration Diagrams). 


IN+ 26 Noninverting input to analog input amplifier stage 
Cees aes Inverting input to analog input amplifier stage 


The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 
switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram 
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 


of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 
between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 
OUT + 22 Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 


directly in either a differential or a single-ended configuration. 


OUT — 21 Inverting output of analog output power amplifier; functionally identical with and complementary to OUT +. 


The internal voltage reference is brought out to this pin 


A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This 
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all 
AIC registers including the control register. After a negative-going pulse on the RESET 
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock 
input signal. The conversion rate adjust registers, TA’ and RA’, will be reset to 1. The CONTROL register bits 
will be reset as follows (see AIC DX Data Word Format section). 


d7 = 1,d6 = 1,d5 = 1, d4 = 0,d3 = 0, d2 = 1 


This initialization allows normal serial-port communication to occur between AIC and DSP. This pin has an 
internal pull-up resistor and is set to a high logic level unless it is pulled to ground. . 

The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used 
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description 
below (see the Serial Port Timing and Internal Timing Configuration diagram). 


SHIFT CLK 10 


Vppb 7 Digital supply voltage, 5 V +5% 
Vcc + 20 Positive analog supply voltage, 5 V +5% 
Vcc — 19 Negative analog supply voltage —5 V +5% 
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DESCRIPTION 
1/0 


WORD/BYTE 13 This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 
modes. These four serial modes are described below. This pin has an internal pull-up resistor and is set to 
a logic high unless it is pulled to ground., 

AIC transmit and receive sections are operated asynchronously. 
The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
If the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and 
receive sections will be asynchronous. 
L Serial port will directly interface with the serial port of the TMS32011 and communicates in two 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 
. The FSX or FSR pin is brought low. 
. One 8-bit byte is transmitted or one 8-bit byte is received. 
. The EODX or EODR pin is brought low. 
. The FSX or FSR pin emits a positive frame-sync pulse that is | 
four Shift Clock cycles wide. 
5. One 8-bit byte is transmitted or one 8-bit byte is received. 
6. The EODX or EODR pin is brought high. 
7. The FSX or FSR pin is brought high. 
H Serial port will directly interface with the serial port of the TMS32020 and communicates in one 
16-bit word. The operation sequence is as follows (see Serial Port Timing diagrams): 
1. The FSX or FSR pin is brought low. 
2. One 16-bit word is transmitted or one 16-bit word is received. 
3. The FSX or FSR pin is brought high. 
4. The EODX or EODR pin emits a low-going pulse. 
AIC transmit and receive sections are operated synchronously. 
if the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured 
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will 
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter 
A, RX Counter B, and RA, RA’, and: RB registers. In this case, the AIC FSX and FSR timing will be identical, 
as will the EODX and EODR timing. The synchronous operation sequences are as follows (see Serial Port Timing 
diagrams). 
L Serial port will directly interface with the serial port of the TMS32011 and communicates in two 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 
. The FSX and FSR pins are brought low. 
. One 8-bit byte is transmitted and one 8-bit byte is received. 
. The EODX and EODR pins are brought low. 
. The FSX and FSR pins emit positive frame-sync pulses that are 
four Shift Clock cycles wide. 
5. One 8-bit byte is transmitted and one 8-bit byte is received. 
6. The EODX and EODR pins are brought high. 
7. The FSX and FSR pins are brought high. 
H Serial port will directly interface with the serial port of the TMS32020 and communicates in one 
16-bit word. The operation sequence is as follows (see Serial Port Timing diagrams): 
1. The FSX and FSR pins are brought low. 
2. One 16-bit word is transmitted and one 16-bit word is received. 
3. The FSX and FSR pins are brought high. 
4. The EODX or EODR pins emit low-going pulses. 
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional 
NOR and AND gates, will interface to two SN54299 or SN74299 serial-to-parallel shift registers. Interfacing 
the AIC to the SN54299 or SN74299 shift register allows the AIC to interface to an external FIFO RAM and 
facilitates parallel, data bus communications between the AIC and the digital signal processor. The operation 
sequence is the same as the above sequence (see Serial Port Timing diagrams). 
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INTERNAL TIMING CONFIGURATION 


576-kHz RB = 20; 14.4 kHz 


2 5.184 MHz (1) 5 DIVIDE BY 4 1.296 MHz (1) 
10.368 MHz (2) Sone: 255s OCR eC 2.592 MHz (2) 
© 
41.472 MHz (2) 
pubs . 
XTAL TMES20 yarcosttnti oo | 
osc DSP i ras (6 BITS) 
> | (2's COMPL) 
5 LOWPASS ; 
2 SWITCHED i 
= OPTIONAL EXTERNAL CIRCUITRY i ADDER/ DIVIDER CIRCUITRY CAP FILTER 
o FOR FULL DUPLEX MODEMS | SUBTRACTOR CLK = 288 kHz | 
= | 153.6 kHz | (6 BITS) SQUARE WAVE | 
5 1¥ | ove [LOM (YP commerciat | TB REGISTER l 
, [BY 135 EXTERNAL 1 | (6 BITS) 
‘@) FRONT-END || i 
= | FULL-DUPLEX | | - : 
@ SPLIT-BAND | do.d4 st do.d4 cae , | 
: do.di=1,1¢ 0 dodi=1, 
= L FILTERS J 0-44 0-44 sie icon | 
TX COUNTER A TB=36: 8.0 kHz iit inibai | 
| {TA = 9 (1)] TB=30; 9.6 kHz FREQUENCY 
| [TA = 18(2)) | 5 76-KHz TB= 20; 14.4 kHz | 
(6 BITS) PULSES TB=15; 19.2 kHz | 
RA’ REGISTER | 
RA REGISTER ie mira) | 
(5 BITS) (2’s COMPL) 
j BANDPASS i 
SWITCHED | 
| ADDER/ DIVIDER CIRCUITRY CAP FILTER 
SUBTRACTOR CLK = 288 kHz | 
(6 BITS) SQUARE WAVE 
| RB REGISTER | 
| (6 BITS) i 
i C : i 
do.d4 =0,0 do.dq=0,1 
do.dy=1.1% P — do.dy= 1.0% RX COUNTER B 
RB=40; 7.2 kH 
| RX COUNTER A ag ae ets AID | 
| (RA = 9 (1)] an Ss wiae CONVERSION | 
[RA = 18 (2)] cores FREQUENCY ; 


Rape NRA Aa RS EES RBS Oa coer oye ae yang OR 


NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular 
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously 
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal 
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter 
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high- 
speed digital signal processors. 

TSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320. 

+These control bits are described in the AIC DX Data Word Format section. 
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explanation of internal timing configuration 


All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 


TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
period timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion period timing. In 
order for the switched-capacitor low-pass and band-pass filters to meet their transfer function specifications, 
the frequency of the clock inputs of the switched-capacitor filter must be 288 kHz. If the frequencies of 
the clock inputs are not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the 
clock frequencies to 288 kHz. Thus, to obtain the specified filter responses, the combination of Master 
Clock frequency and TX Counter A and RX Counter A values must yield 288-kHz switched-capacitor clock 
signals. These 288-kHz clock signals can then be divided by the TX Counter B and RX Counter B to establish 
the D/A and A/D conversion period timings. 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with 
the values in the TB and RB Registers respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. 
By selecting the TA Register less the TA’ Register option, the upcoming conversion period timing will occur 
earlier by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting 
the TA Register plus the TA’ Register option, the upcoming conversion period timing will occur later by 
an amount of time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion 
timing can be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. 
In this case, however, the RX Counter A can be programmed via software control with the RA Register, 
the RA Register less the RA’ Register, or the RA Register plus the RA’ Register. 


Data Acquisition Circuits B® 


The above feature is particularly useful for modem applications. This feature allows controlled changes 
in the A/D and D/A conversion timing. This feature can be used to enhance signal-to-noise performance, 
to perform frequency-tracking functions, and to generate nonstandard modem frequencies. 


If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA’ Register, and RB Registers are not used. 
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AIC DR or DX word bit pattern 
A/D or D/A MSB 


1st bit sent Ist bit sent of 2nd byte A/D or D/A LSB 


‘ 4 | 
| 015{ 014] 013] D12] 011] Dio] bs| pe | 07 | 06 | D5} D4 | 03] 02 {| 01 | 10 | 


AIC DX data word format section 


a15]d14]a13]a12}d11]ato/d9}asla7jae|ds|dajazjaijao | COMMENTS 
[primary DX serial communication protocol | 


primary DX serial communication protocol 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA and RA register 
converter register values. The TX and RX Counter B’s are loaded with TB and RB 
register values. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA+TA’ and 
converter register RA +RA‘’ register values. The TX and RX Counter B’s are loaded 
with the TB and RB register values. NOTE: d1 =O, dO=1 will cause 
the next D/A and.A/D conversion periods to be changed by the 
addition of TA’ and RA’ Master Clock cycles, in which TA’ and 
RA’ can be positive or negative or zero. Please refer to the 
Conversion Period Adjustment Error Detection Table. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA—TA’ and 
converter register RA —RA‘ register values. The TX and RX Counter B’s are loaded 
with the TB and RB register values. NOTE: d1 = 1, d0=O will cause 
the next D/A and A/D conversion periods to be changed by the 
subtraction of TA’ and RA’ Master Clock cycles, in which TA’ and 
RA’ can be positive or negative or zero. Please refer to the 
Conversion Period Adjustment Error Detection Table. 
«< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA and RA register 


- converter register values. The TX and RX Counter B’s are loaded with the TB and 
RB register values. After a delay of four Shift Clock cycles, a 


secondary transmission will immediately follow to program the AIC 
to operate in the desired configuration. 


NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. 


Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from 
skipping a DAC output. 
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secondary DX serial communication protocol 


x x |*to TA register >|x x |* to RA register >| O O | d13 and d6 are MSBs | 
x | to TA’ register |x |< to RA’ register | O 1 | d14 and d7 are 2’s complement sign bits 
| 1 O | d14 and d7 are MSBs 
1 


x |* to TB register |x |< toRBregister — 
Roe Se ee Ky ee a aa ss - 


2 


lt— CONTROL —»> 0/1 deletes/inserts the bandpass filter g 
REGISTER 0/1 disables/enables the loopback function ‘Ss 
0/1 disables/enables the AUX IN+ and AUX IN-— pins M4 
0/1 asynchronous/synchronous transmit and receive sections Ss) 
0/1 gain control bits (see Gain Control Section) e 
0/1 gain control bits (see Gain Control Section) oO 
reset function = 
A reset function is provided to initiate serial communications between the AIC and DSP. The reset function o 
will initialize all AIC registers, including the control register. After a negative-going pulse on the RESET 
pin, the AIC registers will be initialized to provide an 8-kHz A/D and D/A conversion rate for a 5.184 MHz 5 
master clock input signal. The AIC, excepting the CONTROL register, will be initialized as follows (see o 
AIC DX Data Word Format section): Q 
INITIALIZED 
REGISTER 
REGISTER VALUE (HEX) 
TA 
TA’ 1 
TB 24 
RA 9 
RA’ 1 
RB 24 
The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 
a/v = 1,-d6.= 1, dS. =" 1, a4 =-0, da: =.o dz = 1 
This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the pin descriptions and AIC DX Word Format 
sections). 
hen! 
LL 
cc 
Oo. 
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O 
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AIC responses to improper conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 1 below: 


z 


AIC register constraints 
The following constraints are placed on the contents of the AIC registers: 


. TA register must be > 1. 

. TA’ register can be either positive, negative, or zero. 
. RA register must be > 1. 

. RA’ register can be either positive, negative, or zero. 
. (TA register + TA’ register) must be > 1. 

. (RA register + RA’ register) must be > 1. 

. TB register must be > 1. 


NOOR WD — 


TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 


IMPROPER CONDITION AIC RESPONSE 


TA register + TA’ register = O or 1 Reprogram TX Counter A with TA register value 
TA register — TA’ register = O or 1 


TA register + TA’ register < O MOD 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A 


RA register + RA’ register = O or 1 Reprogram RX Counter A with RA register value 
RA register — RA’ register = O or 1 


RA register + RA’ register = O or 1 MOD 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, i.e., 


S}INDIND uoHIsiNnboy e}eq 


RA register + RA’ register + 40 HEX is loaded into RX Counter A 


TA register = Oor 1 AIC is shut down 
RA register = O or 1 
TB register = Oor 1 Reprogram TB register with 24 HEX 


RB register = O or 1 Reprogram RB register with 24 HEX 
AIC and DSP cannot communicate Hold last DAC output 


improper operation due to conversion times being too close together 


If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B 
registers are improperly programmed or if the A + A’ register or A — A’ register result is too small. When 
incrementally adjusting the conversion period via the A + A’ register options, the designer should be very 
careful not to violate this requirement (see diagram below). 


= 
‘@) FRAME . 1 - 
OC SYNC 
Cc FSX l 
OR 
ro) _ k¢—- ONGOING CONVERSION —>} 
— ta — ty = 1/19.2 kHz 
im © | 
a 
rm 
< 
S 
4 
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asynchronous operation — more than one receive frame sync occurring between two transmit frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A’ register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B. 
The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 
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ss 
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}¢————- TRANSMIT CONVERSION PERIOD ————_————_> 
t2 


1 1 | 
}@— RECEIVE CONV. —Bi¢— RECEIVE CONV. —D| 
PERIOD A PERIOD B 
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asynchronous operation — more than one transmit frame sync occurring between two receive frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A’ register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted. 
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B, 
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued 
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B 
adjustment command. 
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ANALOG INTERFACE CIRCUIT PREVIEW 


asynchronous operation — more than one set of primary and secondary DX serial communication 


occurring between two receive frame sync (see AIC DX Data Word Format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications 


is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient 


time 


between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent.RA, RA’, or RB information that is 


received during this receive conversion period will be disregarded (see diagram below). 
4 


PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 
FSX 
| TRANSMIT TRANSMIT TRANSMIT | 
| conversions conversion 4 ——convension 
PERIOD A PERIOD B PERIOD C 
t2 
FSR 


Sao 
RECEIVE CONVERSION 
PERIOD A —>}¢—_—_ RECEIVE CONVERSION PERIOD B———>| 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Paes etabe SiGe ThE NS WU Ana, Ss Snare OK ie sh ae ew Nacs nse he ee —-0.3 V to 15 V 

RES Os Sa i 2S GALS TR ao pee Ln a MME ihe a a —O:3 V.to.15 V 

eRe el 9 yk CR aa «x, SE eh MG a eee Gk Ste eS =0,3 V to 16. V 

FEST Ste ee RBM gs Ae APPR SS TES FOR NM en ee | rs REY '-0.3 V to 15 V 

Ce i le TT QS ie es ORR, SO se eS ge ere PL eae cE ra —G,3 V ta.15.V 

Operating free-air temperature range: TLC32040M ...................004. =po- to. 125°C 

EN REE eA 2 gl Te ky ie en — 40°C to 85°C 

See ae CS EAN ITNN LAN PMU EN ES 2g Pe ce ae od Weare od SF oa hoe ee bite ME Se —-65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 

NOTE 1: Voltage values for maximum ratings are with respect to VCC -. 
"~ 
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PRODUCT TLC32040M, TLC320401 


PREVIEW ANALOG INTERFACE CIRCUIT 


recommended operating conditions 


PARAMETER | MIN” NOM MAX | 
Supply voltage, Vcc + (see Note 2) 4.75 5 5.25 


Supply voltage, Vcc — (see Note 2) —4.75 -5 -5.25 


Vee 
[Digital around voltage with respect to ANLG GND, DGTLGND———SOSC~—S—SC“‘iTSSSCSC~SS~C~‘d 
V 


FLow:leval mput voltage, Vu eee Now 3) dT or  ] | 
Fteagiiesigtente ar OUTS antiee OU =.fp ee 

toieapeninesarOUl HaMpr OE Ge he 
ete Da Miata 


oe Tucs20a0M | 88 —SS~—=«i 
Operating free-air temperature, Ta TLC320401 ~40 85 “i 


NOTES: 2. Voltages at analog inputs and outputs, Vcc +, and Vcc —, are with respect to the ANLG GND terminal. Voltages at digital 
inputs and outputs and Vcc + (DIG) are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 

4. The bandpass and low-pass switched-capacitor filter responses are only guaranteed when the switched-capacitor clock frequency 
is 288 kHz. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio 
of switched-capacitor filter clock frequency to 288 kHz. 

5. This range applies when (IN+ — IN—) or (AUX+ — AUX-—) equals +6 V. 
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TLC32040M, TLC320401 PRODUCT 
ANALOG INTERFACE CIRCUIT PREVIEW 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vec- = -5V.Vpp = 5 V (unless otherwise noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


Be =. = PARAMETER, = |. TEST. CONDITIONS] MIN. MAX’ 
Sh. tte oops | pp sa ek ee 
Se eee mien | pp ee gy ee a 
i oe ee ae eet 
a ee 

Standby current (MSTR CLK, SHIFT CLK, 

CC(stdby) or FSR SYNC in static state) 


receive amplifier input 


PARAMETER ees ees CONDITIONS MIN TYPt MAX — 
A/D converter offset error (filters bypassed) 
A/D converter offset error (filters in) 


Common-mode rejection ratio at IN¢+, IN-, 

ila or AUX+, AUX— a an 
, Input resistance at IN+, IN- 
! or AUX IN+, AUX IN- 

transmit filter output 


PARAMETER TEST CONDITIONS MIN TYPTt MAX | UNIT 
Output offset voltage at OUT + or OUT — 
eo ieee : mV 
(single-ended relative to ANLG GND) 
Vv Maximum peak output voltage swing across Ri = 300 2, +3 y 
aM Ry at OUT+ or OUT — (single-ended) Offset voltage = O 
Maximum peak output voltage swing between 
V Ri = 6002 £ 
OM OUT + and OUT — (differential output) L . - 
TAIl typical values are at TA = 25°C. 
NOTE 6: The test condition is a O dBm, 1-kHz input signal with an 8-kHz conversion rate. 
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PRODUCT | TLC32040M, TLC320401 
PREVIEW | ANALOG INTERFACE CIRCUIT 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = —-5V, Vpp = 5 V (unless otherwise noted) 


specific modem specifications, SCF clock frequency = 288 kHz 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Attenuation of second harmonic of single-ended BS see 
: : - - See Note 7 
transmitted analog signal differential i 0." GRRE 
Attenuation of third and higher single-ended i eS Sees 
: 3 : - - See Note 7 
harmonics of transmitted analog signal differential i See See 
gain and dynamic range 


PARAMETER TEST CONDITIONS | MIN = MAX |_UNIT 


Absolute tra it gain tracking error while transmitti 
solute transmit gain tracking error while transmitting 8046 O.as signal: renge 240 
into 600 Q (see Note 8) 


Absolute receive gain tracking error (see Note 8) — 50 to 0 dBm signal range Berea ee 


power supply rejection and crosstalk attenuation 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Idle channel, supply signal 


Vcoc+ or Vcc — supply voltage 


cho : F at 200 mV p-p measured 
rejection ratio, receive channel 


at DR (ADC output) 
Idle channel, supply signal 


f = 30 kHz to 50 kHz 


Vcc+ or Vcc— supply voltage 
rejection ratio, transmit channel at 200 mV p-p measured 
(single-ended) F = 30 kHz to 60 kez at OUT + 


Crosstalk attenuation, tenemitto-receive (single-ended) -[ —=——S~CS—STSC“‘ O!C~*dSC 


TAIl typical values are at Ta = 25°C. 
NOTES: 7. The test condition is a O dBm, 1-kHz input signal into 600 2 with an 8-kHz conversion rate. 
8. Gain tracking is relative to the absolute gain at 1-kHz. 


f = 0 to 30 kHz 


Data Acquisition Circuits Bp® 


PRODUCT PREVIEW 


TEXAS wy oes 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


syinduig UOIISINboY e1eEg He 


MalAddd LONGOQUd 


TLC32040M, TLC320401 — PRODUCT 
ANALOG INTERFACE CIRCUIT PREVIEW 


delay distortion, SCF clock frequency = 288 kHz, input (IN+ — IN—) is +3-V sinewave 


Please refer to filter response graphs for delay distortion specifications. 


bandpass filter transfer function with 300-Hz high-pass roll-off (see curves), SCF clock 
frequency = 288 kHz, input (IN+ — IN—) is a +3-V sinewave (see Note 9) 


PARAMETER TEST CONDITIONS | MIN = MAX | 


300 Hz <= f s 3.4 kHz 


Gain relative to gain at 1 kHz Input signal reference is O dB 


bandpass filter transfer function with 200-Hz high-pass roll-off (see curves), SCF clock 
frequency = 288 kHz, input (IN+ — IN—) is a +3-V sinewave (see Note 9) 


f = 100 Hz 


Gain relative to gain at 1 kHz Input signal reference is O dB 300 Hz < f <= 3.4 kHz 


f = 4.6 kHz 


low-pass filter transfer function, SCF clock frequency = 288 kHz (see Note 9) 


PARAMETER TEST CONDITIONS 


Gain relative to gain at 1 kHz Output signal reference is O dB 


_ serial port 


: PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


OH High-level output voltage lIoH = —300 pA 
OL = 
| 


Vou High: Sr Vin ete 
Mee son amonumaiags |g Samak Oe 
eee | ee eee en 
Powe ee 
Pee iuicgeiae: © to [ee ee epee oF 


T All typical values are at Ta = 25°C. 

NOTE 9: The above filter specifications are guaranteed for a switched-capacitor filter clock range of 288 kHz. For switched-capacitor filter 
clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched-capacitor filter clock frequency 
to 288 kHz. 
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PREVIEW | ANALOG INTERFACE CIRCUIT 


operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -5V.,Vpp =5V 


A/D converter (2’s complement output, 14-bit resolution) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
bit 1 thru bit 10 Sixteenth fullscale | = =+% . | bit1 | 


Integral linearity, f = 4.5 kHz to 19.2 kHz 
(See Note 10) 


Conversion rate 


Signal-to-quantization distortion ratio (for input signals > —15 dBm 
in the 300 Hz to 3400 Hz band) 


Equivalent input noise (relative to 600 Q) at the ADC input Inputs grounded 


D/A converter (2's complement input, 14-bit resolution) 


[bie Tahu bie 10 | Sixteenth fullscale [+ ~*~ —bit 1 


Integral linearity, f = 4.5 kHz to 19.2 kHz 
(See Note 10) 


egies Ce ee oe ee oe ee ee 
Conversion time Se ee 


noise (measurement includes low-pass and bandpass switched-capacitor filters) 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


‘Fis single-ended | 7 poe ae 
Transmit noises - - DX input = OOOOOOOO00O000NN, constant input code nV rms 
differential Bawa 
Receive noise (see Note 11) Inputs grounded, gain = 1 BO era 


timing requirements 


serial port — AIC input signals 


tc(MCLK) Master clock cycle time bs caine c's a Vee OG 


thiDX DX hold time after SCLK{ te(SCLK)/2 


’ 


TAll typical values are at Ta = 25°C. 

NOTES: 10. Integral linearity for the A/D and D/A converters is guaranteed over the conversion frequency range of 4.5 kHz to 19.2 kHz. 
Over this range the slew rates of the A/D and D/A converters’ sample-and-hold circuits are adequate to guarantee the above 
integral linearity specifications. 

11. This noise is referred to the input with a buffer gain of one. If the buffer gain is two or four, the noise figure will be correspondingly 
reduced. The noise is computed by statistically evaluating the digital output of the A/D converter. 
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TLC32040M, TLC320401 | PRODUCT 
ANALOG INTERFACE CIRCUIT PREVIEW 


operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc—- = -5V,. Vpp = 5 V (continued) 


serial port — AIC output signals 


PARAMETER 
tce(SCLK Shift clock (SCLK) cycle time 
ttiSCLK Shift clock (SCLK) fall time 
triSCLK Shift clock (SCLK) rise time 
Shift clock (SCLK) duty cycle 
td(CH-FL Delay from SCLKT to FSR/FSX! 
td(CH-FH Delay from SCLKT to FSR/FSK)t 


td(CH-DR DR valid after SCLKT 

tdwi(CH-EL) Delay from SCLKT to EODX/EODR) in word mode 
tdw(CH-EH) Delay from SCLKT to EODX/EODRT in word mode 
ttiEODX EODX fall time 

tf(EODR) EODR fall time 

tdb(CH-EL Delay from SCLKT to EODX/EODR! in byte mode 
tdb(CH-EH) Delay from SCLKT to EODX/EODRT in byte mode 


analog input signal required for full-scale A/D conversion 


INPUT CONFIGURATIONS ald on sae seas BITS | anatoc input | ~/ sic aay 


Differential configuration +6V full-scale 
Analog input= IN+ — IN- 
=Aux+-aux- [1 | 0 | _+3V | __fullscale 
FER PS RE is BRE EE Se ae 
Single-ended configuration +3 V half-scale 
Analog input = IN+ — ANLG GND 
= AUX+-ANLGGND{/ 1. | OO | full-scale 
CRs ae eR Fae full-scale 
Rfb 
R 
IN + 
R TO MUX 
IN - 
Rfb 


Reh = Rford6 = 1,d7 = 1 

d6 = 0,d7 = 0 
Rfh = 2R ford6 = 1,d7 = 0 
Reh = 4R for d6 = 0,d7 = 1 


FIGURE 1. IN+ AND IN— GAIN CONTROL CIRCUITRY 
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PRODUCT TLC32040M, TLC320401 
PREVIEW ANALOG INTERFACE CIRCUIT 


Rfb 


AUX IN+ 
TO MUX 
AUX IN- 


Rfb 
Rfh = R ford6 = 1,d7 = 1 
d6 = 0,d7 = 0 
Rfh = 2R for d6 = 1,d7 = 0 
Rfh = 4R for d6 = 0, d7 = 1 


FIGURE 2. AUXILIARY INPUT CIRCUITRY 


sin x/x correction section 


The AIC does not have sin x/x correction circuitry after the digital-to-analog converter. Sin x/x correction 
can be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction 
accuracy can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The - 
results, which are shown below, are typical of the numerical correction accuracy that can be achieved 
for sample rates of interest. The filter requires only seven instruction cycles per sample on the 
TMS320 DSPs. With a 200-ns instruction cycle, nine instructions per sample represents an overhead factor 
of 1.4% and 1.7% for sampling rates of 8000 Hz and 9600 Hz, respectively. This correction will add a 
slight amount of group delay at the upper edge of the 300—3000-Hz band. 


Data Acquisition Circuits B® 


sin x/x roll-off for a zero-order hold function 


The sin x/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 
the various sampling rates is shown in the table below. 


TABLE 2. sin x/x ROLL-OFF 


‘sin x f/f, 
m f/f, 

(f = 3000 Hz) 
(dB) 


20 log 


Note that the actual AIC sin x/x roll-off will be slightly less than the above figures, because the AIC has 
less than a 100 percent duty cycle hold interval. 
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TLO32040M, TLC320401 PRODUCT 
ANALOG INTERFACE CIRCUIT PREVIEW 


correction filter 


To compensate for the sin x/x roll-off of the AIC, the first-order correction filter, which is shown below, 
is recommended. 


2 


Uli +1) Y(i+1) 


(1—p1)p2 


p1 


The difference equation for this correction filter is: 


Vi+1 = p2(1—p1) (uj+1)+p1 y1 


S}JINDIIDQ UOIISINDOY e}eEG 


where the constant p1 determines the pole locations. 
The resulting squared magnitude transfer function is: 


p22 (1—p1)2 


|H(f)|2 = —_——_——____ + _ 
1 — 2p1 cos(2 x f/fs) + p12 
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PRODUCT TLCE32040M, TLC320401 
PREVIEW ANALOG INTERFACE CIRCUIT 


correction results 


Table 3 below shows the optimum p values and the corresponding correction results for 8000 Hz and 
9600 Hz sampling rates. 


2 


TABLE 3 
” 
ERROR (dB) ERROR (dB) an 
fs = 8000 Hz fs = 9600 Hz aS 
p1 = -—0.14813 p1 = -—0.1307 P 
p2 = 0.9888 p2 = 0.9951 oO. 
c 
2 
ia 
| 
Co 
Oo 
f 
© 
ped 
6 
Q 
TMS320 software requirements 
The digital correction filter equation can be written in state variable form as follows: 
Y = k1Y +k2U 
where Y is the filter state and U is the next I/O sample. With the assumption that TMS processor page 
pointer and memory configuration are properly initialized, the equation can be executed in seven instructions 
or seven cycles with the following program: 
ZAC 
LT K2 
MPY U 
LTD K1 
MPY Y 
APAC 
SACH (dma) 
——- 
Lid 
cc 
0. 
= 
© 
me 
5 
c 
Qo. 
i 
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TLO32040M, TLO320401 | PRODUCT 
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byte-mode timing 


—t(SCLK) = > tr(SCLK) }*——*} tc(SCLK) 
2 SHIFT CLK 2v 2Vv 2Vv 2Vv 2Vv 2V 2Vv 
0.8V 0.8 V | 


bx | | 
td(CH-FL)->| le | 7 —H le ta(CH-FH) — le ta(CH-FL) td(CH-FH}4| ke 
| 
| ! 
| 


I | | 
FSR, fats Neg oS aks 0.8V } eV 


| 
td(CH-DR 
es Bh Py 


| 
| 
| 


0.8 V : 
Seaiteuli je— | 
DON’T CARE 
«eae ee ereys)— 
— ke thipx) ae Ie tdb(CH-EL) 


tdb(CH- ci ke 
a | 2VvV 
EODR, EODX 0.8 Vv Ppa as bee 


word-mode timing 


oO 
® 
pe 
® 
> 
© 
2 
c. 
@. 
S. 
i) 
a } 
° 
=| 
© 
i 
-€ 
~” 


k++ tc(SCLK) 
SHIFT CLK +7 a . . ae = 
08) 08V O8V | | 
: l | 
5 * d(CH-FL) | td(CH-FH)-> ke | 
| | 
4 k-td(CH-DR) : | 
DR ae sa (oz \o1 po} | 
teulDXI-4 be ! 
aot T CARE 
Gp en ap oD ov} 02 (or {oo PONT cane 
| 
t 
a Ie h(DX) tdw(CH- EL} le >| ke tdw(CH-EH) 
Be AEN SNR tie at STR ae 
2Vv 
EODX, EODR =e 


FIGURE 3. SERIAL PORT TIMING 
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PRODUCT , TLC32040M, TLC320401 


PREVIEW ANALOG INTERFACE CIRCUIT 


TMS32010 


TLC32040 


SHIFT CLK 


FIGURE 4. TLC32010—TLC32040 INTERFACE CIRCUIT 


in instruction timing 


.CLK OUT 


DEN 


so, GT ! 


DO-D15 VALID 


out instruction timing 


CLK OUT | | | | 


! 
WE SEEASSTE 
| 


SN74LS299 CLK | : 


DO-D15 VALID 


FIGURE 5. TMS32010—TMS32040 INTERFACE TIMING 


Data Acquisition Circuits a 


PRODUCT PREVIEW 


EXAS wy - 2-295 


INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


TLC32040M, TLC320401 | PRODUCT 
ANALOG INTERFACE CIRCUIT PREVIEW 


AIC TRANSMIT CHANNEL FILTER 


ac fee 


E 
2 Re cele 
repack sees 


” 
= i 
2 Bes be ae 
rs) 7 4 
> 3. _.,| seetowss| | | WAL | oce $ 
: A SCADA UU § 
£. o sa O 
. = $ 
6 : 
= c 
© 
oe 
7) 
ec, 
oes 
” 
Frequency — kHz 
NOTES: A. Maximum relative delay ( O Hz to 600 Hz) = 125 us. 
B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 
C. Absolute delay (600 Hz to 3000 Hz) = 700 us. 
D. Vcc+ = 5V, Vec-— = —5V, SCF clock f = 288 kHz, input = +3-V sinewave, Ta = 25°C. 
FIGURE 6 
AIC RECEIVE CHANNEL FILTER (300 Hz) 
oe in See Note A : 0.38 
a Magnitude 
HE ote ts Ede 
=-146 0.25 . 
SaaS rRSiS Bes : 
- rl 0.2 | 
Oo AA! eee g 
-—30 0.15 @ 
SEP eS eae es 2 er 
3 -40 : 01 3 
& -soll| | Goon | [| [\ |... 6 
ee A 0.05 | 
: Ht Park Nt : 
-60 0) & 
a ae Rae eg eee. 
a -70 f—~ Jj 0.05 
3 [Zesenowe PLT TT 
- 80 0.1 
= eS ei SA 
Cc -—~90 0.15 
© : 
cond Frequency —kHz 
"%) NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 us. 
ad B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 
rTi C. Absolute delay (600 Hz to 3000 Hz) = 1230 us. 
~<a D. Vcc+ = -5V, Vec-— = —5V, SCF clock f = 288 kHz, input = +3-V sinewave, Ta = 25°C. 
ac FIGURE 7 
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PREVIEW ANALOG INTERFACE CIRCUIT 
AIR RECEIVE CHANNEL FILTER (200 Hz) 
Paeee TIN < 
Per an F ; 2 
> aod 
pee ae SE Fa ea 2 
fa) — 
: fA Eolas tee 6 
= 2 - 
; é § 
= 3 2 
8 2 
2 =] 
= ey 
Oo 
= § 
© 
pe 
0 1 2 3 4 5 O 
Frequency — kHz 
NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 us. 
B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 
C. Absolute delay (600 Hz to 3000 Hz) = 1080 us. 
D. Vec+ = -5 V, Vec-— = —-5 V, SCF clock f = 288 kHz, input = +3-V sinewave, Ta = 25°C. 
FIGURE 8 
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SN55426B, SN55427B 
AC PLASMA DISPLAY DRIVERS 


D2520, MARCH 1979—REVISED OCTOBER 1986 


90-V Output Swing SN55426B...J 
: DUAL-IN-LINE PACKAGE 
CMOS-Compatible Inputs (TOP VIEW) 


Quad Drivers with Independent Addressing 
of Each Gate for Serial or Parallel 
Applications 


High Data Input Impedance .. . 1 MQ Typ 
30-mA Clamp Diodes on Output 


3 


description 


The SN55426B and SN55427B are monolithic SN55427B...J 
integrated-circuit plasma display drivers. The DUAL-IN-LINE PACKAGE 
logic of the two drivers is complementary to (TOP VIEW) 
permit controlled writing or erasing at a specified 
point on the display. The ‘426B noninverting 
pulser is normally near ground potential and is 
pulsed near VCC2; the ’427B inverting pulser is 
normally near VCC2 potential and is pulsed near 
ground potential. The devices are designed to 
accept CMOS logic input signals and drive one 
display line per output. 


Display Drivers 


Bete Je NC—No internal ti 
There are four gates per package with individual C—No ‘internal connection 


data inputs. Additionally, each device has a 
strobe and a multiplex input controlling all four 
gates. The devices require two power supplies: 
the logic section power supply VCcc1, and the 
high-voltage bias supply VCC2. VCC2 controls 
the magnitude of the output swing. 


FUNCTION TABLE 


Each output is designed to sustain 
20-milliampere switching transients on the 
output. Each output is also protected by source H = high level, L = low level, 
and sink clamp diodes with 30-milliampere X = irrelevant 

current capability. Each device is designed to be 

operated at 50 kilohertz but may be operated as 

high as 85 kilohertz. 


The multiplex and strobe inputs (inputs M and 
S, respectively) act on all four gates 
simultaneously and aid in plasma panel design. 


The SN55426B and SN55427B are 
characterized for operation over the full military 
temperature range of —55°C to 125°C. 


PRODUCTION DATA documents contain information Es 
saree as of pvcapneaee date. msc conform to 43 
specifications per the terms of Texas Instruments 

a fae . Production processing does not TEXAS 


necessarily include testing of all parameters. INSTRUM ENTS 
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SN55426B, SN55427B 
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logic symbolst 


‘426B 


a 


Oo 
2] t These symbols are in accordance with ANSI/IEEE Std 91-1984 
= and IEC Publication 617-12. 
< s . .s . 
0 _ logic diagrams (positive logic) 
= 
= ‘eee ‘427B 
@ M (3) 
=] 
” s 1Y 
1A 
2Y 
2A 
3Y 
3A 
4yY 
4A 


POSITIVE LOGIC: Y = A-MeS POSITIVE LOGIC: Y = A-M-S 
schematics of inputs and outputs 


EQUIVALENT OF EACH A,M, OR S INPUT TYPICAL OF ALL OUTPUTS 


Vcc2 
Vcc1 
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SN55426B, SN55427B 
AC PLASMA DISPLAY DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Surin nL ee LNG oS ee eee kee in Ne Rg oad 0 RL bees 15 V 
SOMME UII SRE a Saran Oe yceia t Mea SS ek Ae oe ak Sie CORI Daa Da ee ee are a 95 V 
Bi VOICE ote Ah een eS eh ee ee RRR a a she at 8a fd age Rarer iain 18:V 
A RIPOR ASC MPU AG ALUQES WELL OR he oh a Dang alg a ack ni eiu oad kag Wok, Foe Wd phat MA te 20 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 800 mW 
Operating free-air temperature range ......... 26. cece See oes eee bene eee —55°C to 125°C 
SRRGENCIG RIE OUA EOIN ag ou Moe oare: omnes Vere oe Saree ba Re OL ao -65°C to 160°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds...................000- 300°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55426B 
and SN55427B chips are alloy mounted. 


recommended operating conditions 


SA ee ee ee ee ea cieteee eee eee Ee 


Supply voltage for logic section, Vcc 10 12 14 
Supply voltage for output section, Vcc2 40 70 9 
High-level input voltage, Vin 


oO 


Low-level input voltage, Vi. RERES SS S 
Strobe frequency Ree 


Data input frequency 0 50 85 


Duration of strobe pulse 


Operating free-air temperature, Ta  =685 Se By 


electrical characteristics, VCC1 = 12 V, VCcc2 = 70 V, Ta = —55°C to 125°C (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN Typt 
Vin =7¥. [lo==tmA  [Voca=# Veo 
VOH High-level output voltage = ~ ay lo = — 16 mA ae 9 3 
| eete (ae oe ee 
jeleeet SEs Yas SN ci eek ee 
Output high, Ig = 30 mA Vec2+0.8 Vec2t2| 
Hon, Cum ies sotiae 


All inputs at 12 V 
Vcc2 = 90 V,} All outputs high 
Icc2 mA 
No load Alloutputsiow | =i —iB 
ICC1(av) Average supply current, logic section tw = Sus, f = 50 kHz, eae Ses 
ICC2(av) Average supply current, output section | No load Pree | PSS 


Tall typical values are at 25°C. 


MAX 


icc Supply current, logic section Veci = 12V, 


Supply current, output section 


switching characteristics, VCC1 = 12 V, Vcc2 = 70 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
tpLH Propagation delay time, low-to-high-level output | Cy, = 20 pF,  R, = 100 kQ, he ee 
tpH_ Propagation delay time, high-to-low-level output | See Figure 1 0.3. -" 0.8 
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SN55426B, SN55427B 
AC PLASMA DISPLAY DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vec1 Vcc2 


OUTPUT 
Cy = 20 pF 
(See Note B) 


GENERATOR 
(See Note A) 


INPUT 


3 


% SN55426B 


‘426B OUTPUT 

= Veo1 Yoo? 

” 
S 

& Cy = 20 pF 
<< (see Note B) °427B OUTPUT 
0 

=i GENERATOR OUTPUT 

< (See Note A) 

@ 

= 

” 

% SN55427B 
TEST CIRCUITS VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zg = 50 2, PRR < 50 kHz, tw = Sus. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


D2355, OCTOBER 1972—REVISED SEPTEMBER 1986 


QUAD SEGMENT DRIVER AND HEX DIGIT DRIVER FOR INTERFACING 
BETWEEN MOS AND LIGHT-EMITTING-DIODE (LED) DISPLAYS 


@ 50-mA Source or Sink Capability SN75491, SN75491A 
('491, '491A) N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 
@ 250-mA Sink Capability ('492, ‘492A) 
@ Rated for 10-V Operation ('491, ‘492) 
@ Rated for 20-V Operation ('491A, '492A) 3 
@ Low Input Current for MOS Compatability 
@ Low Standby Power ” 
@ High-Gain Darlington Circuits = 
"he 
me? SN75492, SN75492A an) 
description N DUAL-IN-LINE PACKAGE ee 
The SN75491, SN75491A, SN75492, and (TOP VIEW) & 
SN75492A are monolithic integrated circuits Py 
designed to be used together with MOS ra) 
integrated circuits and common-cathode LED’s 
in serially addressed multi-digit displays. This GND []a 
time-multiplexed system, which uses a segment- 
address-and-digit-scan method of LED drive, 
minimizes the number of drivers required. 
The SN75491 and SN75491A are quadruple 
segment drivers. The SN75492 and SN75492A logic symbolst 
are hex digit drivers. The SN75491 and catiekes 
SN75492 are characterized for operation to eieeace 
10 volts. The SN75491A and SN75492A are 
characterized for operation to 20 volts. 
The SN75491, SN75491A, SN75492, and 
SN75492A are characterized for operation from 
OfC to 70 "C. 
logic diagram (each driver) 
SN75491, SN75491A 
Cc 
INPUT A 
, 
A ee oo 
SN75492, SN75492A RESIN 
eae 
INPUT A OUTPUT Y poe On eoe Sg 
ASS 
T These symbols are in accordance with ANSI/IEEE 
Std 91-1984 and IEC Publication 617-12. 
PRODUCTION DATA documents contain information x Copyright © 1986, Texas Instruments Incorporated 
ie seer ne fracas Texas WP 
peci 
. Producti ing d - 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


Re Ba GE OL SGA ed A Se RR ld ee St Se) Se RA aE Oo MS FRI ae il EE COTA RUPE tied Qi, SE Cees ee Wee ES STS 
schematics 


SN75491, SN75491A (each driver) Cc SN75492, SN75492A (each driver) 
(3, 5, 10, 12) 


¥ 


(1, 2,6, 7,9, 13) 


(1,7, 8, 14) 
A 


(14, 3,5, 8, 10, 12) 


(2, 6,9, 13) 
E 


GND Vss GND 


TO OTHER 
DRIVERS 


TO OTHER 
DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


[_SSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSC*Y; SN75491_[| SN7S491A | SN75492 | SN76492A | UNIT 
Input voltage range (see Notes 1 and 2) -5 V to Vgs}]-—5 V to Vgs|/-— 5 V to Vgs|/-—5 V to Vss 


es es Ae ie 
[Collector (outputltornput voltage ————SSSCSCSC~sSSCSTO ee 
[Emitterto-ground voage (= SV) IO Sed i ERS 
PEmittertorinput vohiage Resrdac SI 
[Voltage at Vsg terminal with respect to any other device terminal | 10 pe ee 

eee [260 [280 
FS eeabOne recor 
ee 


Each collector (output) ee SS 
Collector (output) current, Ic 
All collectors (outputs) 20 ey ps OO | 


0 
Conti total dissipati t bel 25°G 
on nueDs otal dissipation at (or below) 5 8 875 875 mW 
free-air temperature (see Note 3) 
@) 


20 
20 
20 
75 


Storage temperature range —65 to 150 | — 65 to 150] —65 to 150 —65 to 150 


Lead temperature 1,6 mm (1/16 inch 
i ; 26 260 °C 
from case for 10 seconds 
NOTES: 1. All voltage values are with respect to network ground terminal. 
2. The input is the only device terminal that may be negative with respect to ground. 


3. For operation at 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. For these devices in the N 
package, use the 7-mW/°C curve. 


‘491, ‘491A electrical characteristics, Vgs = 10 V for SN75491, Vss = 20 V for SN75491A, 
Ta = 0°C to 70°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT 
Input = 8.5 V through 1kQ, Ve = SV, ae te 
; Ic = 50mA, Ta = 25°C 
VCE(on) On-State collector-emitter voltage Vv 
Input = 8.5 V through 1kQ, Ve = 5V, 
Ic = 50 mA 
= Vss, Ve = 0, ly = 40 pA 
IC(off) Off-state collector current 3 E = 


Ve So eres 

pA 
Wes Veg VES) Wor |] 
Vi p22 3.3 | 


Input current at maximum input voltage = Vss: gi agi A 
imum inpu 
e ‘ : Ic = 20 mA "AQ1A ‘7. 85) 


| 
(Ee SES ea I TS 
iS§___Current into Vag terminal Ro ee ee ee 


TAIl typical values are at Ta = 25°C. 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


‘492, ‘492A electrical characteristics, V§s = 10 V for SN75492, Vss = 20 V for SN75492A, 
Ta = 0°C to 70°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TyPt UNIT 


Input = 6.5 V through 1 kQ, lo. = 250 mA, 0 
Ta = 25°C 
2 


VoL Low-level output voltage 


MAX 
9 1.2 
V 
Input = 6.5 V through 1kQ, Io, = 250mA, | 1.5 | 
IOH High-level output current OH SS ! < pA 
Vou = Vss_Vi= 08 
492 
| Input t at maximum input volta V; = Vss, | = 20mA 5s See A 
| put curren um input voltage | ss OL "490A a7 a 
Ree See ae eee Se 


Iss Current into Vss terminal 


TAIl typical values are at Ta = 25°C. 


SN75491, SN75491A switching characteristics, Vgs = 7.5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpLH Propagation delay time, low-to-high-level output (collector) ViH = 4.5 V, Ve = 0, es See SS 


tpH_ Propagation delay time, high-to-low-level output (collector) RL = 2000, C, = 15 pF 


SN75492, SN75492A switching characteristics, VSg = 7.5 V, Ta = 25°C 


PARAMETER | TEST CONDITIONS MIN TYP MAX} UNIT 
tp_H Propagation delay time, low-to-high-level output ViH = 7.5V, RL = 399, er 3 BO ~ See 
tpH_ Propagation delay time, high-to-low-level output Cy = 15 pF ha. Sa 


PARAMETER MEASUREMENT INFORMATION 


SN75491, SN75491A 


75V 


Ry, = 2002 


PULSE 
GENERATOR 
(See Note A) 


OUTPUT ee a 


Cy = 15 pF 
(See Note B) 


SN75492, SN75492A OUTPUT 


7.5V 
=392 | | ape ee VOL 
= tpHL—fe} | | 
PULSE PHL le pt tris 
GENERATOR OUTPUT 
(See Note A) C. = 15 pF 
(See Note B) 
TEST CIRCUITS VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyz = 502, PRR < 100 kHz, tw = 1 us. 
B. C, includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


TYPICAL CHARACTERISITCS 


SN75491, SN75491A 


INPUT CURRENT COLLECTOR CURRENT 
vs vs 
INPUT VOLTAGE INPUT CURRENT 


Vss = 10 V ('491, '492) 
Vss = 20 V (491A, ‘492A) 
lo = 20 mA 


OO 


Ve = 0 AS 491, '491A) t 
t Ta = 25°C 
= 5 
” c = 
oa 4 491, ‘492 3 
© Ps} - 
5 a 
o 8 a s 
a 8 
< = | 
S Vv 2 
1 e 
0 ng 
2.) & 26 <8 932 4 6 1S: OO 0 40 80 120 160 200 
V}—Input Voltage—V 1j—Input Current—yA 
FIGURE 2 FIGURE 3 
SN75491, SN75491A SN75491, SN75491A 
COLLECTOR CURRENT ON-STATE COLLECTOR-EMITTER VOLTAGE 
vs vs 
INPUT VOLTAGE COLLECTOR CURRENT 
> 
: 
S 
> 
< ® 
F R= 
~ E 
~ TT 
z ry 
a =) 
8 8 
=) i) 
oS O 
= ® 
3 S 
0 % 
é 
‘ec 
4 
O 
0 > 
0 0.5 1.0 1.5 2.0 2.5 0 5 10 15 20 25 30 35 40 45 50 
Vi—Input Voltage—V 1¢—Collector Current—mA 
FIGURE 4 FIGURE 5 
U 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


TYPICAL CHARACTERISTICS 


SN75492, SN75492A SN75492, SN75492A 
OUTPUT CURRENT OUTPUT CURRENT 
vs vs 
INPUT CURRENT INPUT VOLTAGE 


250 


3 


200 
<x < 
S £ 
ae : 
5 S 150 Ww 2 
8 6 ee a 
3 ea Ae Ss 
ignns ; 
3 I ¢ 
eae 2 
abcbar: j 
ie Poe ee 
0 0.5 1.0 1.5 2.0 2.5 
1j—Input Current—yA V;—Input Voltage—V 
FIGURE 6 FIGURE 7 
SN75492, SN75492A 
LOW-LEVEL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 
7 
& 
$ 
i) 
> 
S 
a 
5 
o 
o 
Es 
= 
S 
} 
7 
_ 
2) 
> 
0 50 100 150 200 °# #250 
1o—Output Current—mA 
FIGURE 8 
U 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


TYPICAL APPLICATION DATA 


Figure 9 is an example of time multiplexing the individual digits in a display to minimize circuitry. Up to 
twelve digits, each of which use a seven-segment display with decimal point, may be displayed using only 
two SN75491 and two SN75492 drivers. 


= 
I 


[ 
a SA tee | SN75491 
| QUAD SEGMENT 
| priver 
| i (2 PACKAGES) 
b | , 
ee | 
wl & | 
=o | 5 
w c | 
ge 
5% l 
4 = THIS POINT 
“se | | is CONNECT | T1360 
S | | TOALL 6-DIGIT . 
SEGMENTS OF MONOLITHIC 
| ALL DIGITS. LED DISPLAY 
| (2 PACKAGES) 
zee acy 
D1 
| es 
4 : 
D11 | 
bee Seiden ooo eer 
HEX DIGIT 
(1 UNUSED) 
DRIVER 
: | | (2 Packaces) 
| | 
| | | 
—-Pp--d SEGAG ES ier os, Hee a By prea Os et bey ie eee 


FIGURE 9. INTERFACING BETWEEN MOS CALCULATOR CIRCUIT 
AND LED MULTI-DIGIT DISPLAY 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


TYPICAL APPLICATION DATA 


SN75491, SN75491A, 


SN75491, SN75491A 
SN75492, OR SN75492A 


SN75492, OR SN75492A 


3 


” 
hes 
+ ‘492, ‘492A = 2 
FIGURE 10. QUAD OR HEX RELAY DRIVER BRQURE AT SAE RS AES ae eee 5 
+V1 > 
& 
a. 
2 
Q 
OUTPUT 
TO 
TTL 
FIGURE 12. MOS-TO-TTL LEVEL SHIFTER FIGURE 13. QUAD HIGH-CURRENT N-P-N 
TRANSISTOR DRIVER 
+V1 +V1 
SN75941 
SN75491, SN75491A 
SN75492, OR SN75492A 
| |LoaD 
INPUT 
v2 
1 492, 492A 
NOTE A: This circuit may be used as a digit driver for common- 
mode LED displays. 
FIGURE 14. QUAD OR HEX HIGH-CURRENT 4 
Poe RAR See ae FIGURE 15. BASE/EMITTER SELECT N-P-N 
TRANSISTOR DRIVER 
Ti 4 
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SN75491, SN75491A, SN75492, SN75492A 
MOS-TO-LED DRIVERS 


TYPICAL APPLICATION DATA 


+V 


LOAD] | LAMP OR RELAY 


3 


SN75491, SN75491A, 
SN75492 OR SN75492A 


STROBE 
INPUT 


sisaug Aejdsig 


5V 


NONINVERTING 
INPUT 1/4 SN75491 OR SN75491A 


INVERTING 
INPUT 


—5V 
FIGURE 17. SN75491/SN75491A USED AS AN INTERFACE CIRCUIT BETWEEN THE 
BALANCED 30-MHz OUTPUT OF AN RF AMPLIFIER AND A COAXIAL CABLE 
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SN75494 
HEX MOS-TO-LED DIGIT DRIVERS 


D1932, MARCH 1983—REVISED JANUARY 1987 


@ Low Input Current for MOS Compatibility 
DUAL-IN-LINE PACKAGE 
@ Low Voltage Operation (TOP VIEW) 
@ Low Standby Power 
® Display Blanking Capability 
@ 250-mA Sink Capability 
@® Low-Voltage Saturating Outputs 3 
® High-Gain Circuits 
2 
description 2 
The SN75494 is designed to be used as an interface between MOS integrated circuits and LEDs in serially ‘i 
addressed multidigit displays. This device is similar in operation to the SN75492, but has several advantages a 
over the earlier circuit. The SN75494 can be operated at lower supply voltages therefore, reducing power a 
consumption. The enable (E) input is used as a blanking input. rt 
2 
a) 
logic symbolt schematic 
Vv 
re MOS/LED “y 
= TO OTHER 
E EN _______ ORIVERS 
1A 1Y 7 
2A 2Y | 
3A 3Y | 
4A 4y 
OY 
5A 5Y 
6A 6Y 
Vss 
tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
yo as i TO OTHER 
logic diagram (positive logic) DRIVERS 
COMMON TO 
6 DRIVERS 
Vop 
NOTES: A. The Vsg terminal must be connected to the most 
positive voltage that is applied to the device. 
B. Resistor values shown are nominal and in ohms. 
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments 3-15 


standard warranty. Production processing does not 
necessarily include testing ef all parameters. INSTRUMENTS 
POST OFFICE BOX 656012 * DALLAS, TEXAS 75265 


3 


siaaug Aejdsig 


SN75494 
HEX MOS-TO-LED DIGIT DRIVERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Sena ECE oe Or te TC PP 2 ad pels Se aoe Sais “as ee, awe See renee Stes 9 8s 10 V 
Renee WCE APEC NE ET a ny eek pean OI Dg 02's ee GEC etn A pee ee aoe en 10 V 
PENN NCR tc ate ee ae ey eas sn wd Soa ie here 6 Facey wae ee wee ee ee Vss 
eee ws Ree Re OME CNN ay 0 oa bk. vices Lame TREAT A eo SR oy See RR eee A 10 V 
On miuous Omise urrent 16G0N GLY) 3.6 eu Cas Pike A ee ob ee ee arene 250 mA 
RUPEE TMRRU A UE MOET OENE C0 90 een te. Sogtive pete de ew ee ha, Pe Ae le hae 600 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3)........ 800 mW 
erating. 17ee-air sompermiure. Tange - 2. oc o-. CG e e ad Fea ee aaa wee. O°C to 76°C 
See eants CRITI URSIN TIPO RENMEI 3° ol goon so eee eb aos eek As Peete eb ew ee de se =66°C to. 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................24.. Z60°C 


recommended operating conditions 


Supply voltage, Vcc 
mevouined voltage, ss 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
| Aat 8.8 V, Fat 6.8 V pees ot ees 
A input 
Vcc = 3.2 V, Aat8.8V, Eto 8.8 V thru 100 kQ 1.8 = 
| Einput | Vcc = 3.2 V, Eat 8.8 V 


A to 8.8 V thru 100 kQ, E atOV, 
Yat 10V 
A at 8.8 V, E to 6.5 V thru 1 kQ, 


Input current 


Off-state output 
IOloff) current (from 


Y to V 
© Vpp) Y at 10 V 


Voc =3.2V, Vgsg = 6.5V, Ato 6.5 V thru 1 k®, 
output voltage E to 8.8 V thru 100 kQ, lol = 250 mA 


On-state 


VO(on) 


One A input to 8.8 V thru 100 kQ, E at OV, 
All other A inputs at 0 V ” 
Current into One A input at 8.8 V, E to 6.5 V thru 1 kQ, ant ans g 
Vcc terminal All other A inputs at 0 V 
One A input at 8.8 V, Eat Ov, 
: 11 20 | mA 
All other A inputs at 0 V 


Current into Vss 2 
| Vcc = 3.2 V, EatOV, All A inputs at 0 V 
ss terminal ee ets | 10500 | 


T All typical values are at Ta = 25°C. 
NOTES: 1. Voltage values are with respect to the most negative device terminal, Vpp, unless otherwise noted. 
2. No other terminal on the device may be more positive than Vss. 
3. For operation above 25°C free-air temperature, derate linearly from 800 mW at 63°C to 736 mW at 70°C at the rate of 
9.2 mW/°C. 
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ADVANCE 
INFORMATION 


Controls 32 Electrodes 
100-V Totem-Pole Outputs 
Low Stand-by Power Consumption 


All Outputs Contain Sink and Source Clamp 
Diodes 


15 mA Steady-State Output Current 
Rugged DMOS Outputs 
CMOS Inputs 


Dependable Texas Instruments Quality and 
Reliability 


Direct Replacement for SN55500D 


description 


The SN55500E is a monolithic BIDFETT 
integrated circuit designed to perform the line 
select operation of a matrix-addressable display. 
The device inputs are diode-clamped CMOS 
inputs. 


The outputs of the driver are normally low and 
can be selectively switched high when the strobe 
input is low. Selection of the outputs is achieved 
through the data, SO, and S1 inputs. The 8-bit 
data stored internally in the serial register is 
inverted and sent to one of four output sections 
by the 2-line to 4-line decoder. All other outputs 
remain low. Internal circuits provide a high- 
current pulse to the level-shifting circuit during 
positive output transitions. When the output 
transition is complete, the low steady-state 
current reduces the circuits stand-by power 
consumption. All outputs contain clamp diodes 
to the Vcc2 and GND supply inputs. 


The SN55500E is characterized for operation 
over the full military temperature range of 
—-§5°C to 125°C. 


T BIDFET — Bipolar, double-diffused, N-channel and P-channel MOS 
transistors on same chip — patented process. 


ADVANCE INFORMATION documents contain 
nee ne new — in the sampling or 
Characteristic 


sre and oth and peta specifications are subject to change 
without notice. 


TEXAS 4 
INSTRUMENTS 


SN55500E 
AC PLASMA DISPLAY DRIVER 


D2471, DECEMBER 1984—REVISED NOVEMBER 1986 


JD PACKAGE 
(TOP VIEW) 


FD PACKAGE 
(TOP VIEW) 


1021) 7 
1038 
104 {Jj 9 
105 |) 10 
106 
107 12 
108 [J 13 
201 14 
202 {J 15 
203 
204 17 


NC—No internal connection 


Copyright © 1984, Texas Instruments Incorporated 
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SN55500E ADVANCE 
AC PLASMA DISPLAY DRIVER INFORMATION 


logic symbolt functional block diagram (positive logic) 


CMOS/PLASMA DISP STRB 


So 
SELECT 


$1 


DATA 


CLK 


8-BIT 
SHIFT 
REGISTER 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the JD package. 


FUNCTION TABLE 


INPUTS OUTPUTS 
FUNCTION DATA ICLK STRB SHIFT REGISTER 
201 ... 208 | 3Q1 ... 308/4Q1.. 


Cac Rin “Res teneen teee = ee 
RZ, Bava Leck Ae 
RO, AS Ree 
R2,  -R3es.. Rae 


R2, R3p... R8, 


H 
H 
L 
L 
L 
L 


R2n 
H = high level, L = low level, X = irrelevant, T = low-to-high transition. 
R1...R8 = levels currently at internal outputs of shift registers one through eight, respectively. 
Rip, ...R8py = levels at outputs R1 through R8 respectively, before the most recent Tf transition of the clock. 


typical operating sequence 


ANY OUTPUT IN 
8 SELECTED BY 


SO AND S1 


1Q1 


108 


2Q1 


208 


3Q1 


308 


4Q1 


408 


. 408 
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ADVANCE SN55500E 
INFORMATION | AC PLASMA DISPLAY DRIVER 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc1 


3 


” 

© 

= 

tien 

OQ 

> 

& 

a 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) QO 
SUDGIN SIGHEde, MEE 1 (BGGLINGES F19  xc aed epee fiw teeaz a ala cetera tia-s. vplers weet We be em Poke eeat 13.8 V 
eG Te ES oo 0 RS Tie, EN Ree e+ IE ON Eee a fee ERO Mas SW Esa wR se amie n= 100 V 
iret Es ee a ae ea ant ae ete Sh wb ace la aaah Wa eee Vec1+0.3 V 
‘Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1825 mW 
Operating free-air temperature range ............ 2.00. eee eee eee eee eee ~§5 °C to 125."% 
att ARR MIT RIOR es aia ne ia ak AMER ale evrerae® win avid be tee ew etece -65°C to 156°C 
Came Temi perartile@ TOt Oc BOCOMGG, C0 ACE coe cn. is Go Baines. Muh wo ac: ee se. wansbaleuegagacm’ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JD package ........... 3002G 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 


PACKAGE 
RATING FACTOR Ta 


FD 1825 mW 14.6 mW/°C 25°C 
JD 1825 mW 22 mwireC — 67°C 


ADVANCE INFORMATION 
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SN55500E ADVANCE 
AC PLASMA DISPLAY DRIVER INFORMATION 


recommended operating conditions 


5 


Data inputs before clockT 


iw) Select inputs before strobe! 
a Data inputs after clockT (see Note 3) 
a-3 Hold time, t Strobe input high after clockT 
h 
= Select inputs after strobeT 
we) Operating free-air temperature, Ta 
=. Operating case temperature, Tc 
ae 
© NOTE 3: For operation above 25°C junction temperature, refer to Figure 2. 
7) 
electrical characteristics over recommended operating temperature range (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Vik Input clamp voltage Voc1 = 12V,. = —12mA SUG RE OS AST BE 
a4 97.5 
V High-level output voltage a3 ones, aa Ter V 
igh-level ou lof = -10mA | 92 4 
OH Hig p g Wane A009 OH 
CCE eee eee SS 
Vee; = 122V, ee 
VoL Low-level output voltage lo. = 10 mA PaicS = Sere Vv 
Vec2 = 100 V 
lo. = 15 mA 2.75 5 
Renee Gy ee rupees Coes i eas BGR oa SS a 
emmetee Oa ee Ree Pee cet | 
WH High-level input current Veci = 13.2 V, Vi = Vin min Sle SS See ee ee 
HL Low-level input current Veci = 13.2 V, Vv; = Vit max Ree eS Sars ae 
Icc1__ Supply current Vec1 = 13.2V,  Vec2 = 100V TR RS 
BP L'cc2__ Supply current Vec2 = 100 V NERS SEAS emia 35 
> TAIl typical values are at Vcc = 12 V, Ta = 25°C. 
= switching characteristics, Vcc1 = 12 V. Vcc2 = 100 V, Ta = 25°C 
ro) PARAMETER TEST CONDITIONS | MIN = MAX | 
mM tpHL Delay time, high-to-low-level output from strobe input Poe <b Rae en 
Fas toLH Delay time, low-to-high-level output from strobe input C_ = 30 pF, Sees se 
a tTHL Transition time, high-to-low-level output See Figure 1 SENSE 
“Tl tTLH Transition time, low-to-high-level output Ea Ge 
= 
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ADVANCE | SN55500E 
INFORMATION AC PLASMA DISPLAY DRIVER 


PARAMETER MEASUREMENT INFORMATION 
OUTPUT 
TEST 
UNDER saree ne 
TEST POINT 
T Cy (see Note A) 


LOAD TEST CIRCUIT 


CLK 


| 
DATA IRRELEVANT | VALID IRRELEVANT 


| 
VIL 
hain 
| ViH 
STRB \ - eee et ae 
| VIL 


| ViH 
SELECT 


VIL 
—>| toi e— >| ton : 
OUT 90% ox. OF 
10% 10% 


VOL 


trLu—>| fe >| fe tr 
VOLTAGE WAVEFORMS 
NOTE A. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING CHARACTERISTICS 
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ADVANCE INFORMATION 


vs 


3 


si9aug Aejdsig 
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SN55500E | ADVANCE 
AC PLASMA DISPLAY DRIVER INFORMATION 


TYPICAL CHARACTERISTICS 


MAXIMUM CLOCK FREQUENCY 
vs 
VIRTUAL JUNCTION TEMPERATURE 


Vcci = 12 V 
ViH = 12 V 
Vit = O 

(See Note 4) 


Maximum Clock Frequency —MHz 


Ty—Junction Temperature — °C 


NOTE 4: This curve assumes a symmetrical clock pulse. 


FIGURE 2 


THERMAL INFORMATION 


junction temperature formula 


Ty = TA + PDRQJA 
Ty = Tc + PpReuc 


where 


Ty = virtual junction temperature 

TA = free-air temperature 

Pp = average device power dissipation 

Rg = thermal resistance (junction-to-air, RgjaA, or junction-to-case, Rg jc) 


PACKAGE TYPE ReaJA RegJc 


FD 44-pin ceramic 68°C/W 20°C/W 
JD 40-pin ceramic 45°C/W = 12°C/W 
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PRODUCT 
PREVIEW 


Controls 32 Electrodes 
100-V Totem-Pole Outputs 
Low Stand-by Power Consumption 


All Outputs Contain Sink and Source Clamp 
Diodes 


15 mA Steady-State Output Current 
Rugged DMOS Outputs 

CMOS Inputs 

Direct Replacement for SN75500A 


description 


The SN65500E and SN75500E are monolithic 
BIDFETT integrated circuits designed to perform 
the line select operation of a matrix-addressable 
display. The device inputs are diode-clamped 
CMOS inputs. 


The outputs of these drivers are normally low 
and can be selectively switched high when the 
strobe input is low. Selection of the outputs is 
achieved through the data, SO, and S11 inputs. 
The 8-bit data stored internally in the serial 
register is inverted and sent to one of four output 
sections by the 2-line to 4-line decoder. All other 
outputs remain low. Internal circuits provide a 
high-current pulse to the level-shifting circuit 
during positive output transitions. When the 
Output transition is complete, the low steady- 


SN65500E, SN75500E 
AC PLASMA DISPLAY DRIVERS 


D2471, DECEMBER 1985 


N PACKAGE 
(TOP VIEW) 


FN PACKAGE 
(TOP VIEW) 


1Q2 |] 7 
103 [J 8 


39|}] 402 
38[|} 403 


3 


Display Drivers 


state current reduces the circuit’s standby power 
consumption. All outputs contain clamp diodes 
to the Vcc2 and GND supply inputs. 


The SN65500E is characterized for operation 
—-40°C to 85°C. The SN75500E is 
characterized for operation from O°C to 70°C. 


from 


T BIDFET — Bipolar, double-diffused, N-channel and P-channel MOS 
transistors on same chip — patented process. 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 


104 1)9 
105 [J] 10 
106 {J 11 
107 [J 12 
108 {J} 13 
201 [J 14 
202 {J 15 
203 [J 16 
204 {J 17 


NC —No internal connection 


ti 
TEXAS 
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18 19 20 2122 2324 2526 27 28 


lo © 
oO 
NN 


37{} 404 
36 |] 405 
351} 406 
34{] 407 
33{] 408 
34[} 301 
31{} 302 
30] 303 
29 304 


fl 
O 
Pa 


308 [] 
307 [ 
306 [] 
305 | 


eet aoe oe — 
~™ oO N 
oe & Be O 
NN 2 = 


PRODUCT PREVIEW 


Copyright © 1985, Texas Instruments Incorporated 
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SN65500E, SN75500E | PRODUCT 
AC PLASMA DISPLAY DRIVERS PREVIEW 


logic symbolT functional block diagram (positive logic) 


CMOS/PLASMA DISP STRB 101 


108 
SELECT 201 
3 101 $1 
108 208 
DATA 
0 2Q1 301 
” 
= 208 CLK 
< was 8-BIT Bee a 308 
ww) SHIFT 
= 308 REGISTER a) 4Q1 
< 401 
=|] 
” 
408 408 
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the N package. 
FUNCTION TABLE 
INPUTS OUTPUTS 
FUNCTION SELECT SHIFT REGISTER 
DATA | CLK STRB 
H tT X Xx H L Rip R2py ... R7n ban & Ce & 
LOAD 
L t Xx Xx H H Rin R2p ... R7p Sees & os» 
Xx Xx Xx X H Rip R2n R3py ..- R87 L-riethe Te 
Xx H L L L Rin R2p R3p ... 
STROBE xX H L H L Rin R2n R3p .-- 
xX H H L L Rin R2n R3p --- 
X H H H L Rin R2p, R3p ... 
H = high level, L = low level, X = irrelevant, T = low-to-high transition. 
0 R1...R8 = levels currently at internal outputs of shift registers one through eight, respectively. 
Be R1,...R8p, = levels at shift-register outputs R1 through R8, respectively, before the most recent f transition of the clock. 
= 
rm 
< 
py 
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PRODUCT SNG5500E, SN75500E 
PREVIEW AC PLASMA DISPLAY DRIVERS 


typical operating sequence 


STRB | | | | 
ANY OUTPUT IN 
8 SELECTED BY 


3 


SO AND $1 


schematics of inputs and outputs 


2) 

td 

; ® 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS m 

Q 

Vcc1 > 

& 

o. 

2 

Q 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
SUDDEN ISIE, SCT A ORO PNCILO Edo sis) bo aee Ges ak Fe eck et a ode Oe ac eee bg lens ae 15 V 
RARE CORNER AEC rs setae so, sc radi: PMs We ad a Fe Es hw ea 100 V 
So) ARCs Ut, SONAR Kee CCS Ra ee Me aT E ST SE rah Cale BN al hy Se Aa Gy A 2a es ee Vcc1+0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

RO POE Sconce tess soe cae reer se we iene Renee wey ie kee esse ay SUEMRES CR: Bo a oo wee 1775 mW 
NE PRUE pice os eon te an Ra Rew Ra Oe we NE Ala ow Ghee pep Lane dg REE. are ee 1275 mW 
Operating free-air temperature range: SN65500E............... 2.2.2. eee es — 40°C to 85°C 
1 Sd) a ee cee Se a are ea Tee wore Ea 0°C to 70°C 

ICG COINDOTAUINO ess ee a a ee eT Gk ae Waa es ee es -65°C to 150°C > 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C Lid 

Case: temperature for TO-seconds: Fill pecksge::<c 5 es eee ee ke wee ben 260°C > 

NOTES: 1. Voltage values are with respect to network ground terminal. rc 

2. For operation above 25°C free-air temperature, see Dissipation Derating Table. a. 

DISSIPATION DERATING TABLE jp 

itis eee POWER DERATING ABOVE 2 

RATING FACTOR Ta 

FN 1775 14.2 25°C QO 

N 1275 10.2 25°C © 

cc 

o.. 
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SNG5500E, SN75500E PRODUCT 
AC PLASMA DISPLAY DRIVERS PREVIEW 


recommended operating conditions 


[—SNess00E | _ SN7S5O0E 


ie 
Low-level input voltage, Vi,, as a percentage of Vcc ei Se See as 
cat ey aa 
3 
Papen. oo ae Mea 
52 SLs ae Je 


(2) 


3 


aa Se : Data inputs before clockT i SS a ee 
e me, Re ee so 
piss ci Select inputs before strobe! ee Se 


NOTE 3: For operation above 25°C junction temperature, refer to Figure 2. 


-40 85 


siaaug Aejdsig 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) oe 


PARAMETER TEST CONDITIONS 


Vix _lnput clamp voltage | Vect = 12V, = 12 mA 


VOH High-level output voltage 


= 13.2 V, 
= 100 V 


VoK Output clamp voltage Vcec2 = 0 


lH = High-level input current Vec1 = 13.2 Vv, V 
li Low-level input current Vec1 = 13.2V, Vi = 


lcc2 Supply current Vec2 = 100 V 


TAIl typical values are at Vec1 = 12 V, Ta = 25°C. 


VoL Low-level output voltage 


switching characteristics, VCC1 = 12 V, Vcc2 = 100 V, Ta = 25°C 


[____________Paraweren_—=S~SC*drSCSCSC*EST CONDITION [MIN WAX [U 


Cy = 30 pF, 
See Figure 1 


MalAddd LONGOUd 
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PRODUCT SN65500E, SN75500E 
PREVIEW AC PLASMA DISPLAY DRIVERS 


PARAMETER MEASUREMENT INFORMATION 
OUTPUT | 
UNDER TEST 
TEST POINT 
ak Cy (see Note A) 


LOAD TEST CIRCUIT 


CLK 


| : 
DATA IRRELEVANT : VALID IRRELEVANT 
i VIL 
jet 
| VIH 
STRB ‘ f 
| — Vi. 
k@— tsu | le th >| 


| | ViH 
VIL 
—>| toin #— >| ton 3 
OUT 90% 90%% ~~~ “OH 
VOL 
tTLH > le —>| ke true 


VOLTAGE WAVEFORMS 


NOTE A. Cy includes probe and jig capacitance. 
FIGURE 1. SWITCHING CHARACTERISTICS 
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PRODUCT PREVIEW 
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N 
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SNG5500E, SN75500E PRODUCT 
i AC PLASMA DISPLAY DRIVERS PREVIEW 


TYPICAL CHARACTERISTICS 


MAXIMUM CLOCK FREQUENCY 
vs 
VIRTUAL JUNCTION TEMPERATURE 


Vcci = 12 V 
ViH = 12 V 
r Vit = 0 
. (See Note 4) 
3 f 
o 
c 
® 
= } 
9 if 
ra - 
3 ; 
& S 
E 
oe 
3 E 
< & 
@ = 
” 
Ty—Junction Temperature — °C 
NOTE 4: This curve assumes a symmetrical clock pulse.. 
FIGURE 2 
THERMAL INFORMATION 
junction temperature formula 
Ty = TA + PDRQJA 
Ty = Tc + PpRec 
where 
Ty = virtual junction temperature 
"~ TA = free-air temperature 
eel Pp = average device power dissipation 
O Rg = thermal resistance (junction-to-air, Raja, or junction-to-case, Rg@jc) 
U0 
Cc 
-— PACKAGE TYPE Roja Rec 
= FN 44-pin plastic 70°C/W 22°C/W 
N 40-pin plastic 97°C/W 27°C/W 
© 
a 
< 
s 
U 
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Controls 32 Electrodes 
100-V Totem-Pole Outputs 
Low Stand-by Power Consumption 


All Outputs Contain Sink and Source Clamp 
Diodes 


15 mA Steady-State Output Current 
Rugged DMOS Outputs 
CMOS Inputs 


Direct Replacement for SN55501C, 
SN55501D 


description 


The SN55501E is a monolithic BIDFETT 
integrated circuit designed to provide the serial- 
to-parallel conversion and level translation of 
data in a matrix-addressable display. This device 
has diode-clamped CMOS inputs. 


The Q outputs of these drivers are normally high 
and can be switched either selectively or 
together. Any output whose associated register 
bit (in the internal 32-bit serial register) contains 
a low will switch low when the strobe input is 
switched low if the sustain input is high. All other 
outputs remain high. When the sustain input is 
switched low, all outputs switch low 
independently of the data or strobe inputs. This 
feature can be used to generate a portion of the 
sustain pulse required in the operation of an AC 
plasma display. The internal level-shift circuits 
provide additional drive during the times that the 
outputs switch high to facilitate fast rise times 
while maintaining low standby power 
consumption. All outputs contain clamp diodes 
to the Vcc2 and GND supply inputs. 


The SN55501E is characterized for operation 
over the full military temperature range of 
—56°C to 125°C. 


SN55501E 
AC PLASMA DISPLAY DRIVER 


D2472, APRIL 1986 


t BIDFET—Bipolar, double-diffused, N-channel and P-channel , 


MOS transistors on same chip — patented process. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


TEXAS 
INSTRUMENTS 


JD PACKAGE 
(TOP VIEW) 
Vcc1 
DATA IN 
SERIAL OUT 
Q32 
Q31 
Q30 
Q29 
Q28 3 
Q27 
Q26 ” 
Q25 ® 
> 
Q24 = 
Q23 a) 
Q22 > 
Q21 & 
020 
Q19 ral 
Q18 
Q17 
Vcc2 
FD PACKAGE 
(TOP VIEW) 
= 
5 
= = 
mex ad 
oH 89u BEEGS 
G2HnR0zZ>00H020 
6: 5-40-3.-2 51 43 4 
Q21]7 39f] Q31 
Q3 {8 38[} Q30 
049 37[}] Q29 
Q5 [j 10 36|] Q28 
Q6 [j11 35|}| Q27 
Q7 34{}] Q26 
O8 {J 13 33[}] Q25 
Q9 34|] O24 
Q10 [j15 31|] Q23 
Q11 1J16 30} Q22 
Q12 |J17 29{] Q21 
18 19 20 2122 2324 2526 27 28 
OwrwM OQ YO Oo ™~ © QD S 
co0006~* OoG00 
NC—No internal connection 
dia Copyright © 1986, Texas Instruments Incorporated 
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SN55501E 
AC PLASMA DISPLAY DRIVER 


logic symbolt functional block diagram (positive logic) 


CMOS/ SUSTAIN 


PLASMA DISP 


SUSTAIN STROBE 


STROBE 
CLOCK 


DATA IN 


CLOCK 
DATA IN Se Q1 Q2 
Q2 
a3 
= (22) ats 26 OUTPUTS 
a Q17 STATIC (Q4 THRU Q29) 
a SHIFT NOT SHOWN 
pe) REGISTER 
< 
Q31 Q30 
Uo 032 
ee SERIAL OUT 
@ 031 
= 
~” T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the JD package. ase 
SERIAL OUT 
FUNCTION TABLE 
INPUTS OUTPUTS 
FUNCTION SHIFT REGISTER SERIAL 
DATA | CLOCK STROBE SUSTAIN Qi Q2 Ga... . G32 
LOAD H t H H H R1n R2p..-R31p R32, H H Bick 
L t H H L Rin R2p...R31p R32py H H ES | 
X X H R1 R2 R3py...R32 R32 H H RE 
STROBE é 4 ‘, ‘i 4 
Xx H ‘ R1n R2n R3pn...R32, may 
SUSTAIN Rin Rly RBq..R32n pe 
H = high level, L = low level, X = irrelevant, T = low-to-high-level transition. 
R1...R32 = levels currently at internal outputs of shift registers one through thirty-two, respectively. 
Ripn..-R32, = levels at shift-register outputs R1 through R32 respectively, before the most recent f transition at the Clock input. 
TEXAS a 
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SN55501E 
AC PLASMA DISPLAY DRIVER 


typical operating sequence 


SUSTAIN See 
STROBE | | | | 
ne UL 
ANY Q OUTPUT aco} 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL SERIAL OUTPUT 


Vcc1 Vcc2 Vcc1 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUPRE VOlnGe. “VCS: (SOB INCI NY Giese nie 80 es ca ee hs ore Ope Heed # Sa -3 s © 15 V 
oT Ceo RS Got ne! ges ae STS en nah LSA re ei bP Re ee SUMS ORENEORE mrarerieis acre ty s=1 100 V 
HEPES Eee mes are 9 os aaa ee Fe se ence re ee EN ae a So ee ae Vcc1+0.3 V 
Continuous total dissipation at (or below) 25°C free-air (see Note 2) ................ 1825 mW 
Operating free-air temperature range .................0-. by as eke ead gees -55°C to 125°C 
Storage temperature range... .. 2. oe ce ee ee EE SLS rane ee EES —65°C to 150°C 
Case temperature tor 60 seconds: - FD seckage 6.655. ee i a ek ee bt ee 0 bre ek ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JD package ........... 300°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR Ta 
FD 1825 mW 14.6 mW/°C 25°C 


PACKAGE 


JD 1825 mW 22 mW/°C 67°C 


43 
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SN55501E 
AC PLASMA DISPLAY DRIVER 


recommended operating conditions 


Supply voltage, Vcc} 


Supply voltage, Vcc2 
High-level input voltage, Viy 


Low-level input voltage, Vj, 


Peak high-level Q output current, IOH 

Peak low-level Q output current, Io, 

High-level Q output clamp current, IOKH 

Low-level Q output clamp current, IQKL 

Clock frequency, fcigck, at or below, 25°C junction temperature (see Note 3) 


Og Duration of high or low clock pulse, tw 
4 Setup time, tsy Data inputs before clockT 
> Data hold time after clockT 
< Hold time, th Strobe high after clockT 
wo) Strobe high after sustaint 
ms Operating free-air temperature, Ta 
. Operating case temperature, Tc 
= 
- NOTE 3: See Figure 3 for maximum clock frequency when devices are operated in cascade or for operation above Ty = 25°C. 
electrical characteristics over recommended operating temperature range 
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
ViK Input clamp voltage Veci1 = 12 V, lj = 12 mA Beste SS ee 
9497.5 
: Vec1 = 13.2V, 2 
High-level Q outputs loH = —10mA 92 94.5 
VOH Vcc2 = 100 V V 
output voltage loH = —15 mA 90 93.5 
Vv = 13.2 V, 
Vv Low-level oe = tony y 
OL output voltage eo2:> é 
Outpt clam lok = 20 mA 
VOK E é Q output Vec2 = 0 ass ae Vv 
voltage lok = -—20mA Sii2 iors 
High-level Vec1 = 13.2 V, ViH = Vinmin, A 
1 input current Vcc2 = 100 V 8 
Low-level Vcc1 = 13.2 V, Vit = Vitmax, " 
IL input current Vec2 = 100 V 4 
lcc1 Supply current from Vcc Veci = 13.2 V, Vcc2 = 100 V fo OOGe cot iitcna. | 
Outputs low Par eae es Bay 
Idea... Sioply ourcaht from V lees 6 100, Seen, one A 
pet ge ene Outputs high mer are aed 
tT Typical values are at Veoc1 = 12 V, Ta = 25°C. 
U 
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s SN55501E 
AC PLASMA DISPLAY DRIVER 


switching characteristics, VCcC1 = 12 V, Vcc2 = 100 V, Ta = 25°C 


Delay time, 
tDHL high-to-low- 


level outputs Clock to serial data output Cy = 20 pF 
Delay time, Strobe to QO outputs C; = 30 pF 


tDLH _low-to-high- 
level outputs Ci = 20 pF 


OW 


” 

Dees 

® 

PARAMETER MEASUREMENT INFORMATION a 
a 

OUTPUT TEST eS 

UNDER aE OS UK POINT oo] 

Tage an Cy (See Note A) a 

= Q 


LOAD TEST CIRCUIT 


VIH 
DATA IRRELEVANT VALID IRRELEVANT 
: ViL 


VIH 
CLOCK 50% 50% ef 
IL 
ety he tbHL—> 
VOH 
WAVEFORM 1 (See Note B) | 50% 

SERIAL | | VOL 
OUT }*—toLH —> VOH 
WAVEFORM 2 (See Note C) | 7 50% ? 

OL 
l¢-——t, —_-»1 
ViH 
STROBE 50% 50% 
th ———_>] | VIL 
| ViH 
SUSTAIN 50% 50% | 


Vv 
tpHi-+¢-— (DLN tpHL+¥¢+—_4} tpLH 4¢——> IL 


V 
Q,, WAVEFORM 1 (See Note D) 0K, } A°30% att een | A 50% oF 
10% 10% ol 10% VoL 


i 
=) re TH pi le tTLH Ke tTHL > lettin vie 
Q,, WAVEFORM 2 (See Note E) 90% | AF 90% 
10% 10% VOL 


NOTES: C, includes probe and jig capacitance. 


A. 
B. Serial out waveform for internal conditions such that a low is registered in R32. 
C. Serial out waveform for internal conditions such that a high is registered in R32. 
D. Qp7 output with a low stored in associated register Rp. 
E. Q, output with a high stored in associated register Rp. 


VOLTAGE WAVEFORMS 
FIGURE 1. SWITCHING CHARACTERISTICS 
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SN55501E 
AC PLASMA DISPLAY DRIVER 


RECOMMENDED OPERATING CONDITIONS 


MAXIMUM CLOCK FREQUENCY INPUT VOLTAGE LOGIC LEVEL LIMITS 
vs vs 
JUNCTION TEMPERATURE Vcci SUPPLY VOLTAGE 
\ Vcci1 = 12 V 
= Vin = Vcc1 
] Vit = 0 
3 o 
c 
© 
> > 
© | 
uw ® 
: g 
9 = 
m8 S 
rs) = os 
< 5 a 
S 5 5 
q = 
@ | 
. 3 
we 
Tjy—Junction Temperature— °C Vcc1—Supply Voltage—V 
FIGURE 2 FIGURE 3 
THERMAL CHARACTERISTICS 
junction temperature formula 
Ty = TA + PpRg 
where 
Tj = virtual junction temperature 
TA = free-air temperature 
Pp = average device power dissipation 
Rg = thermal resistance (junction-to-air, RejA, or junction-to-case, Rg@Jjc) 
PACKAGE RQJA Rguc 
FD 68 °C/W 20 °C/W 
45 °C/W 12 °C/W 
U 
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® Controls 32 Electrodes N PACKAGE 
@ 100-V Totem-Pole Outputs pistes 
@ Low Stand-by Power Consumption Vcc1 
DATA IN 
@ All Outputs Contain Sink and Source Clamp SERIAL OUT 
Diodes 032 
@ 15 mA Steady-State Output Current oe 
@ Rugged DMOS Outputs Q29 3 
@ CMOS Inputs 028 
Q27 
@ Direct Replacement for SN75501C Q26 ” 
Q25 g 
description Q24 “ 
The SN65501E and SN75501E are monolithic Q28 oo 
BIDFET Tt integrated circuits designed to provide Q22 a 
the serial-to-parallel conversion and level 021 roy 
translation of data in a matrix-addressable Q20 A 
display. The device inputs are diode-clamped Q19 a) 
CMOS inputs. Q18 
QT7 
The O outputs of these drivers are normally high Vcc2 
and can be switched either selectively or 
together. Any output whose associated register 
bit (in the internal 32-bit serial register) contains FN PACKAGE 
a low will switch low when the strobe input is PGE Wikw 
switched low if the sustain input is high. All other = 
outputs remain: high. When the sustain input is Ae — re 
switched low, all outputs switch low Biel Mo pig & 
independently of the data or strobe inputs. This - of Boos S05 
feature can be used to generate a portion of the 
sustain pulse required in the operation of an AC 6 Sie ee I 
plasma display. The internal level-shift circuits Q2[]7 39[] O31 
provide additional drive during the times that the 03 [J8 38[}] Q30 
outputs switch high to facilitate fast rise times 04 {}9 37[] Q29 
while maintaining low standby power Q5 [j10 36[] O28 
consumption. All outputs contain clamp diodes Q6 {j}11 35[] Q27 
to the Vcc2 and GND supply inputs. Q7 [12 34 [| O26 
The SN65501E is characterized for operation = ya pki 
ag {14 34|}| 024 
over the temperature range of —40°C to 85°C. 
The SN75501E is characterized for operation O10 31.023 
over the temperature range of O°C to 70°C. Q11 P16 301) O22 
Q12 [J17 29(j Q21 
‘ 18 19 20 2122 2324 2526 27 28 
BIDFET —Bipolar, double-diffused, N-channel and P-channel SS SSeS sooo 
MOS transistors on same chip — patented process. Orn OOQOONR OAD SO 
G0006~ exe G00 
NC —No internal connection 
PRODUCTION DATA documents contain information F Copyright ©. 1983, Texas Instruments Incorporated 
erg rg mg feng herronink Texas WW 
standard warranty. Production processing does not IN STRUM ENTS 3-35 


necessarily include testing of all parameters. 
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AC PLASMA DISPLAY DRIVERS 


D2472, MARCH 1983—REVISED DECEMBER 1985 


SN65501E, SN75501E 
AC PLASMA DISPLAY DRIVERS 


logic symbolt functional block diagram (positive logic) 


CMOS/ SUSTAIN 


PLASMA DISP 
SUSTAIN STROBE 
STROBE 
CLOCK 
a1 
CLOCK DATA IN 
DATA IN (39) Q1 Q2 
Q2 
a3 
1 Q16 
” (22) 017 26 OUTPUTS 
TS (Q4 THRU 029) 
Fy) NOT SHOWN 
< 
ane Q32 
< SERIAL OUT 
@ 
oa Q31 
” T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the N package. 032 
SERIAL OUT 


FUNCTION TABLE 
INPUTS OUTPUTS 


Ho SRS Banton 
Rin? < R2,.cRale 


R2,  R3p...R32, H 4H H....H 
R2,  R3p...R32p, R1 R2 R3....R32 
| R82 | L 


1 


R2, R3p...R32p, 


H = high level, L = low level, X = irrelevant, fT = low-to-high-level transition. 
R1...R32 = levels currently at internal outputs of shift registers one through thirty-two, respectively. 
R1n...R32, = levels at shift-register outputs R1 through R32 respectively, before the most recent f transition at the Clock input. 


4 
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SN65501E, SN75501E 
AC PLASMA DISPLAY DRIVERS 


typical operating sequence 


7 era Le OTTO 
SUSTAIN Se 
STROBE | | | | 
«=U 
ANY Q OUTPUT jae} 


3 


2] 
ben 
® 
schematics of inputs and outputs es 
a) 
EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL SERIAL OUTPUT > 
& 
Vec1 a 
4 
QO 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
BUDDY VOREGG, VCO A INGO INOUE th. scat Mee oe gs ESE ae RRA 4s dw ee 0 Fe 15 V 
RT CE Oe ts ean oi ee ea AR AIT a ARR be Noe 100 V 
CPPREACtne Ee se nie. ara We ay as aa: pm TP aretha Soe Cig ee AD = As ETE Se be AEP we Slaw Vcci to 0.3 V 
Continuous total dissipation at (or below) 25°C free-air (see Note 2): FN package ...... 1775 mW 
N package....... 1250 mW 
Operating free-air temperature range: SN65501E.............. 2.2 eee ee eee — 40°C to 85°C 
EPs 5oaes ac Gh a ee nad Seo O°C 10 70°C 
Stree teresa aie hs as ce ee a ben a tO eae oe —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 
Case temnerature Tor 40 seconde: FW DOCKGOG... he Se Se Sept re ee eee 260°C 
NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see Dissipation Derating Table. 
DISSIPATION DERATING TABLE 
POWER DERATING ABOVE 
ee RATING FACTOR Ta 
FN 1775 mW 14.2 mW/°C 25°C 
N 1250 mW 10.0 mW/°C 25°C 
e 3-37 
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SN65501E, SN75501E 
AC PLASMA DISPLAY DRIVERS 


recommended operating conditions 


Supply voltage, Vcc 


V 
v 
High-level input voltage, Vjy 
High-level Q output clamp current, IOKH 
Low-level Q output clamp current, IOKL ee ee 
Clock frequency, feigck, at or below, 25°C junction temperature (see Note 3) 7a ieee 
3 Duration of high or low clock pulse, tw 


* 7 Data inputs before clockT 
up time, 

rams: 'su [Data inputs after clockt RC EE Se tie 
Strobe high after clockt Be Oe 2 dee 3 


Strobe high after sustainT 
oe ee we rat ee a ee 
eratl ree-alr rature, 
oe P A |SN75501E 0 


NOTE 3: See Figure 3 for maximum clock frequency when devices are operated in cascade or for operation above Ty = 25°C. 


sisAug Aejdsig 


Hold time, th 


electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS |__SNGSSO1E___| ae UNIT 
MIN TYPt MAX | MIN TyPt MAX 
Vik Input clamp voltage Vec1 = 12V, l= 


.: lOH = -—1mMA 94 97.5 95 97.5 
High-level Q outputs ; = 94.5 93 94.5 . 
output voltage 


voei = 


Veci1 = 13.2 V, 
Low-level Q outputs 

Vcc2 = 100 V V 
output voltage ; 


~ Output clamp : 
V Q output V = 0 V 
i voltage ‘ rede OK = -—20mA ‘ ; 


input current Vcec2 = 100 V 
input current Vcc2 = 100 V 


A 
V = 13.2 V, 
lcc1 Supply current from Vcc CC1 


Vcc2 = 100 V 


p 
Be 

mA 
lcc2 Supply current from Vcc2 Vcc2 = 100 V 


T Typical values are at Vec1 = 12 V, Ta = 25°C. 


i, 
3-38 TEXAS Bis 
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SN65501E, SN75501E 
AC PLASMA DISPLAY DRIVERS 


switching characteristics, Vcc 1 = 12 V, Vcc2 = 100 V, Ta = 25°C 


MN 
Delay time, | Strobe wo Oouputs | —SL = 90pF SCdYSSSCSC*~*« OS 
eee ee oe 
level outputs 147 
Delay time, ees ee 
c ons 
Tas 
ne] 


1DLH —_low-to-high- | = 30 pF Se ee 
level outputs Clock to serial data output Ci, = 20 pF 


tTHL Transition time, high-to-low-level Q output 


tTLH Transition time, low-to-high-level Q output Cy = 30 pF 


PARAMETER MEASUREMENT INFORMATION 
OUTPUT TEST 


de i POINT 
TEST 


a as 
= (See Note A) 


2) 
rm 
Il 
w 
io) 
no] 
a 
| 
2) 
oO 


3 


LOAD TEST CIRCUIT 


ViH 
DATA IRRELEVANT VALID IRRELEVANT 
VIL 
ViH 
CLOCK 50% 
ViL 


tw ——>he— to — 
| 


VOH 
WAVEFORM 1 (See Note B) * 50% 
| | VoL 


SERIAL 


OUT }¢— tDLH—>} Von 


WAVEFORM 2 (See Note C) | # 50% 
VOL 


fet, 


ViH 
STROBE 50% 
| ViL 


on | | 


Display Drivers 3 


OL ag | RS TRSG e Shap teat he plan sera: 50% | | 


Q, WAVEFORM 2 (See Note E) 


NOTES: A. Cy includes probe and jig capacitance. 

B. Serial out waveform for internal conditions such that a low is registered in R32. 
C. Serial out waveform for internal conditions such that a high is registered in R32. 
D. Q, output with a low stored in associated register Rn. 

E 


. Qp output with a high stored in associated register Rp. 


VOLTAGE WAVEFORMS 
FIGURE 1. SWITCHING CHARACTERISTICS 


4 
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SN65501E, SN75501E 
AC PLASMA DISPLAY DRIVERS 


TYPICAL CHARACTERISTICS 
INPUT VOLTAGE LOGIC LEVEL LIMITS 


MAXIMUM CLOCK FREQUENCY 
vs 
JUNCTION TEMPERATURE 


vs 
Vcc1 SUPPLY VOLTAGE 


N 
xr 
= 
> 
oO 
c 
® 
= 7 
© | 
a ® 
‘ g 
A cS) 
Oo > 
S = 
a 
E £ 
x 
© 
= 
ie 
oO 
2 
Fe 
Tj—Junction Temperature — °C Vcc1—Supply Voltage—V 
FIGURE 2 Jpavicat 
THERMAL CHARACTERISTICS 
junction temperature formula 
Ty = Ta + PpRe 
where 
TJ = virtual junction temperature 
TA = free-air temperature 
Pp = average device power dissipation 
Rg = thermal resistance (junction-to-air, RgjA, or junction-to-case, Rgjc) 
PACKAGE R@JA Rguc 
FN 70°C/W 22 °C/W 
N 100 °C/W 27 °C/W 
U 
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D2924, DECEMBER 1985—REVISED OCTOBER 1986 - 


® Controls 32 Electrodes FN PACKAGE 
@ Very Low Steady-State Power Consumption gi 
- 
@® Rugged DMOS Outputs 3 <a 
@ CMOS-Compatible Inputs < Pee a 
=~ es OO ee Oe 
@® Dependable Texas Instruments Quality and O20 @ 2:2 >:0-9.2-0 
Reliability 65 43 2 1 44434 
gee 027 39[]031 
description a3fhis 38 (1030 3 
The SN65508 and SN75508 are monolithic O4}}9 | 37|JQ29 
BIDFET Tt integrated circuits designed to provide O51} 10 36 |{Q28 ” 
the serial-to-parallel conversion and level Q6{}11 35JQ27 co) 
translation of data in a matrix-addressable Q7{j12 34 [| Q26 a 
display. All inputs are CMOS compatible and all Q8]{}13 33{JQ25 Q 
outputs are totem-pole DMOS structures. Qg{j}14 3424 > 
Q10{]15 31[}Q23 © 
If the strobe input is at a high logic level, all 011/116 3011022 rot 
outputs are high. When the strobe input goes 0121117 29f1Q21 a2) 
low, any output whose associated register bit 18 19 20 2122 2324 2526 27 28 a) 


contains a low will go low. All outputs whose a LE 

c 3 : J = CF SP. 1926 CY NN - Oran Oo 
associated register bit contains a high will remain wer ce ee ee are Gee eee es 
; : : : ‘ odo Qa CK eS 
high. When the reset input is low, all register bits > 


are low. In this condition, all outputs will go low 
when the strobe input goes low. The serial data 
output from the shift register may be used to 
cascade additional devices. This output is not 
affected by the Strobe input. 


NC—No internal connection 


logic symbolt 


CMOS/ 
The SN65508 is characterized for operation from PLASMA DISPLAY 
— 40°C to 85°C. The SN75508 is characterized STROBE 


for operation from O°C to 70°C. 


TThis symbol is in accordance with ANSI/IEEE Std 91-1094 and 
IEC Publication 617-12. 


T BIDFET — Bipolar, double-diffused, N-channel and P-channel MOS 
transistors on same chip — patented process 


ADVANCE INFORMATION 


ADVANCE INFORMATION documents contain ‘ Copyright © 1985, Texas Instruments Incorporated 
oe etd  gimar in brag en or TEXAS 

preproduction phase of development. Characteristic Bi 

data and other specifications are subject to change 3-41 
without notice. INSTRUMENTS 
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SN65508, SN75508 ADVANCE 
AC PLASMA DISPLAY DRIVERS INFORMATION 


functional block diagram 


STROBE 


RESET 
Q1 
CLOCK 
DATA IN 
28 OUTPUTS 
brie (Q3 THRU Q30) 
nie NOT SHOWN 


REGISTER 


typical operating sequence 


RESET 
Se 
STROBE i 
! 
VI 
CLOCK 1 2 3 32 
es a oe ae ag 


; VOH 
OUTPUTS 1 DATA 
VOL 
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ADVANCE SN65508, SN75508 
INFORMATION AC PLASMA DISPLAY DRIVERS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 


Vcc1 Vcc1 


3 


” 

then 

® 

= 

Soe 

a) 

> 

& 

a. 

2 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) o 
SLset OMEN I TE ORCI SE org ein na eae ner Sie a eee ce RO ee Se eee ee 15 V 
cet Br. Aigh o8 ob 2 Sai nite are oo. art nena nal see caro ee a ge EPRI Ty eet Berea rey eum pe 95 V 
ees ome apt a ane REN ae anne RENE eS SL era as PE RR CMa gener ck oer e EEF -~0.3 Vito Vee +. 0.24 
Pee REIS WCE ER re eae Sir eae FF eo OR ee rd Cee La ee ee ee 95: V 
ere Ve OULINaT CENT ONtR HIME woe eek ak RAS eee edd sae e hehe eles Pe Cee eee —-3 mA 

Continuous total power dissipation at (or below) 

Soa, Ween Temperature (eee pate ey... sae es ee ee ta ee ee ee 1700 mW 
Operating free-air temperature range: SN65508.....................2208. — 40°C to 85°C 
Wek ee pas ee eee 0°C.t0° F707 
eee Te OTANN TANS oss oe eee oe ee eh ee ee ee = 65°C to: 150°C 
See eae FOr 9c) SONIOE 7a ae eek SOR hs en oe ee wk a ee oe es 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly to 1088 mW at 70°C at the rate of 13.6 mW/°C. 


ADVANCE INFORMATION 
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SN65508, SN75508 ADVANCE 
AC PLASMA DISPLAY DRIVERS INFORMATION 


recommended operating conditions 


Supply voltage, Vcc1 7.65 9.35 
Supply voltage, Vcc2 Vcc! 90 
[veer = 835V__| 
High-level input voltage, Vj} ee ~FeEV 576 — 
V = 9.35 V @) 2.3 
Low-level input voltage, Vj,_ = 765 V 
L=7. SECS. Tae 
AE | Oviut corent. lo ws tea Bae Sac ae 
Clock frequency. felock Masse Se 
Setup time, data before clock!, tgy GEL: gee ces be oe 
Hold time, data after clock!, th ~ BS SSS Se Se 
Pulse duration, clock high or low, twCLk BAL: tee ee ES 
: : SN65508 -40 85 
Operating free-air temperature, Ta SN7E508 0 70 °C 


electrical characteristics over recommended operating free-air temperature range, VCC1 = 9.35 V, 
Vcc2 = 90 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Q output V = 7.65V, | = -3mA 83 87 
VoH__— High-level output voltage cc! OH a 
Serial output Vcci = 7.65 V, I9oH = -—50ynA 6.8 7.65 
Q outputs V = 7.65V, Io, = 10mA 1.4 2.4 
VOL Low-level output voltage CC1 OL 
Serial output. | Vcc1 = 7.65 V, loL = 50 pA 
id = 100 MA, tw S105 
aS ae Vers = OHO= 100 mA, tw s tus 
eee ee iNeog> Oh esineea tw = lus 
WH High-level input current V; = 9.35 V 
Nie Low-level input current Vi = 0.4V 


iOS Short-crcuit output current ign O Ct ee ee ae 
icc1_ Supply current from Voc Se ee i ee Ono 


Output high 
SRS 


switching characteristics, VCC1 = 7.65 V, Ta = 25°C 


PARAMETER TEST CONDITIONS | MIN = MAX _| UNIT 
ta Delay time, Vcca to O outputs (10% — 10%) RL = 100 k®, C, = 100 pF 800 
tq2 Delay time, Vcc2 to Q outputs (90% —90%) RL = 100 kQ, ‘Cy = 100 pF 


Q 
” 
es 
> 
< 
OU 
5. 
< 
® 
” 
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ADVANCE SN65508, SN75508 
INFORMATION AC PLASMA DISPLAY DRIVERS 


(ASR a SAD RDS SPIRE RE TITS AEE ea IL A CRE RN RE OSS RS TS TA ST A EEN is ES Sp GETS IE RS RSS NTIS, 


PARAMETER MEASUREMENT INFORMATION 


tw ————— 
| | 
| LG 6V 
| 
CLOCK 50% 50% 50% 
| 7 7 ov 
Capea aeeeaae 
se - 8 tt —— th $i} 
| 6V 
| | 
DATA IN 50% VALID 50% 
OV 


FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 


STROBE 


Vcc2 


ANY OUTPUT 


FIGURE 2. VOLTAGE WAVEFORMS FOR OUTPUT DELAY TIMES 


as 
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SN65509, SN75509 
AC PLASMA DISPLAY DRIVERS 


D2923, DECEMBER 1985—REVISED OCTOBER 1986 


®@ Controls 32 Electrodes FN PACKAGE 
: (TOP VIEW) 
@ Very Low Steady-State Power Consumption - 
@ Rugged DMOS Outputs -< 
: Govuu04v0 Of00G 
@ CMOS-Compatible Inputs -—-Z22Z202>022¢ 
@ Dependable Texas Instruments Quality and G8. 832.1, 484 
Reliability 102 1)7 39[} 407 
10318 38 [|] 406 
description 104 [}9 37 405 3 
es 105 [] 10 36 |] 404 
The SN65509 and SN75509 are monolithic 106111 35(1403 
BIDFETT integrated circuits designed to perform 107112 3411402 ” 
the line-select operation of a matrix-addressable 1081]13 33[1401 g 
display. All inputs are CMOS compatible and all 201 34[] 308 a= 
outputs are totem-pole DMOS structures. 2021115 31{13Q7 Q 
The 8-bit data stored internally in the serial 203 30 306 = 
register is transferred to one of four output 204 [17 294 305 a 
sections selected by the last two bits entered 2 
into the 10-bit shift register. All 24 unselected iS = = 2 a0 8 = = 3 s oO 
outputs will remain at the high level while the NANA S = OOO 
state of the eight selected outputs will be set by a 
the corresponding data in the shift register. NC—WNo internal connection 
VCC2 can be used as an output strobe as shown 
in typical operating sequence. 
The SN65509 is characterized for operation from —40°C to 85°C. The SN75509 is characterized for 
operation from O°C to 70°C. 
FUNCTION TABLE 
INPUT BITS OUTPUTS 
iste oe BYTE 4 BYTE 3 BYTE 2 BYTE 1 
ENTERED ENTERED 
D8 D7 D6 D5 D4 D3 D2 D1 $1 .*SO 408—4Q1 308—3Q1 208— 201 10Q8—1Q1 
TBIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip — patented process 
PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 
eat . of orgy date. oo — ~ EXAS 4 
specitications per the terms of iexas instruments 
tandard ty. Production processing does not 3-47 
necessarily inclee testing of ail parameters. IN STRUMENTS : 
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SN65509, SN75509 
AC PLASMA DISPLAY DRIVERS 


logic symbolT 


CMOS/PLASMA DISP 
[POWER 101—408] 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
functional block diagram 
1Q1 
108 
2Q1 
® 
* 
208 
3Q1 
* 
10-BIT e 
STATIC 308 
SHIFT 
REGISTER 401 
408 
3-48 
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SN65509, SN75509° 
AC PLASMA DISPLAY DRIVERS 


typical operating sequence 


paige Rand Sad Bork ack ad Rare At Raat RA 


FIRST LAST SELECT 
BIT DATA BITS 
ENTERED BIT 3 
Vcc2 ENTERED 


SELECTED 
OUTPUTS as—a1 
UNSELECTED 
OUTPUTS 


schematic of inputs and outputs 


” 
hes 
® 
2 
the 
a) 
> 
am 
a. 
ae 
a) 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc1 


vi 
TEXAS 3-49 
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SN65509, SN75509 
AC PLASMA DISPLAY DRIVERS 


| REISER Spee RDN Set EOE VC EIA, A BPE PALAIS LIEBE LE PREP PL. ELEM LLEE LIESIF G EGER AE ASLEEP TERED LE ENTER SLL TE BEETLE ELE EIT PAE AE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Seed CORI SN (0A CMINRS PEOEOR Reo ng ge ence dg hg, 06,5 Oe LE ae ee Makes 1S 
oe ey ae LTS PIR a ga ate aire Aes an SO aay TS DR SIRE s OAS ar oP ACN PN IRE eS WT Pwd his Sm tea See ng, ea 95 V 
SPRER EE aT a CNC NEE rag en a tery ote oe i a wi SEE, Fe ed eee ee -0.3 VtoVcc + 0.3 V 
Ue ea Be tabs tre) 9 UE gS arg en MED aris Js era ae ogee Ee ad nt eee eas Was ane eae 95 V 
PUGMEVG IOUS CLIR IMI Nie tN Sok Shoe Sie 0 EE Se CY ee RE ba LE ee a -—-3 mA 
BONE gto Bho Tals Team sT Vp Sd 21 Slip ol an ie ae OY Ser PR Re OA Bae eS Tec cia FAP Genero ey rye 25 mA 
Continuous total power dissipation at (or below) 
3 ee Ge SOG a SOG ITG BORO 2)8 5. sic Se een sg eb Se OE OS EO ee 1700 mW 
Operating free-air temperature range: SN65509........... 0... 0... 0.0002 ee —40°C to 85°C 
ONT OB0G rr Ee O°C to 70°C 
rence A MIVIDG IAI ONIN Sc. 4. xs ioe! oreo oo) eK, ie ose! arte Ae ee ag =-65°C to 150°C 
Case tempersure-far TO -seconds: “FN package. .-. a. pc 6 oe ae Be a ee ae 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly to 1088 mW at 70°C at the rate of 13.6 mW/°C. 


recommended operating conditions 


9 
” 
=f 
® 
< 
i) 
ate 
< 
@ 
=] 
~” 


Supply voltage, Vcc1 8 


Supply voltage, Vcc2 Vcc 90 


High-level input voltage, Vip 5 oo 

V = 11.4V @) 2.9 

Low-level input voltage, Vy, = : 
cct = Big coker Cee 


Output current, To lew = 1a iears ae Ee 


Setup time, data before clock!, tsy n 
Hold time, data after clock!, th 
Pulse duration, clock high or low, twCLk 


| SN65509 ao 
Operating free-air temperature, Ta SN75509 


electrical characteristics over recommended operating free-air temperature range, VCC1 = 11.4 V, 
Vcc2 = 90 V (unless otherwise noted) 


PARAMETER 
VOH _ High-level output voltage Vec1 = 8V, lon = -3mA 83 87 
VoL __ Low-level output voltage Vcci = 8 V, lol = 20 mA 


9 = 100 mA, tw = 118 
V Output clamp voltage V =a) V 
* Risiaiee rt) ee el pera area 


fig Agbevimpoamet | WethaV 
Hees Sapvemenhenvecy | 500 


All outputs high Pee SS 
Icc2 Supply current from Vec2 Elgiit outputs low 


4 
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AC PLASMA DISPLAY DRIVERS | 


switching characteristics, Vcc1 = 8 V, TA = 25°C 


, PARAMETER TEST CONDITIONS 
td1 Delay time, Vcc to Q outputs (10% — 10%) RL = 100 kQ, Cy = 100 pF 


tq2 Delay time, Vcc2 to O outputs (90% — 90%) RL = 100 kQ, Cy = 100 pF 


PARAMETER MEASUREMENT INFORMATION 


3 
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}¢—_——— twCLK ———_1 
CLOCK 
DATA IN 50% VALID 
FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 
90 V 
Vcc2 
—-—— |-_— oO ee Or ee Oe re re OV 
| 
| VOH 
ANY OUTPUT le— 
= Readeenba oes soa Ce ae aS VoL 
FIGURE 2. VOLTAGE WAVEFORMS FOR OUTPUT DELAY 
U 
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D2654, DECEMBER 1985 


@ Each Device Drives 12 Lines DW, N 
: si DUAL-IN-LINE PACKAGE 
@ 60-V Output Voltage Swing Capability (TOP VIEW) 
@ 25-mA Output Source Current Capability a110f1 W200] a10 
@ High-Speed Serially-Shifted Data Input Q12LJ2 191 J}a9 
; STROBELJ3 181 JaQ8 
@ TTL-Compatible Inputs SERIAL OuT(14 =. 1707 
@ Latches on All Driver Outputs DATA INL]5 161} Vcec2 
Vec1Ljé  15L]GND 3 
description CLOCK LJ? 14] }Q6 


8 13 
The SN65512B and SN75512B are monolithic LATCH ENABLE) Jas 


BIDFETT integrated circuits designed to drive a . a 0 He oH 2 
dot matrix or segmented vacuum fluorescent g 
neat logic symbol* ra} 
All device inputs are diode-clamped p-n-p inputs > 
and will assume a high logic level when open- TTLIVAC & 
circuited. The nominal input threshold is 1.5 FLUOR DISP ak 
volts. Outputs are totem-pole structures formed LATCH ENABLE (8)_Jn5 F 
by an n-p-n emitter follower and double-diffused sTROBE (3 
MOS (DMOS) transistors. 
The device consists of a 12-bit shift register, 12 ctock (7) 
latches, and 12 output AND gates. Serial data (5) 
is entered into the shift register on the low-to- ee Las WD j2zop 3 a1 
high transition of the Clock. When high, the pa = Q2 
Latch Enable input transfers the shift register aes ae Q3 
contents to the outputs of the 12 latches. The as 2S a4 
active-low strobe input enables all Q outputs. aes O5 
Serial data output from the shift register may be Gee SS 06 
used to cascade shift registers. This output is not fan Da a7 
affected by the Latch Enable or Strobe inputs. Tap a as 
The SN65512B is characterized for operation Bass Se ag 
from -—40°C to 85°C. The SN75512B is p> Fg 10 
characterized for operation from 0°C to 70°C. | sap 3 Q11 
| eee SERIAL OUT 
+ This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
t BIDFET —Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip — patented process. 
PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to tis 
dard ererraaty. Prodestion presostion does ast -_ TEXAS 3-53 
necessarily include testing of all parameters. INST RUMENTS 
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functional block diagram (positive logic) 


LATCH 
ENABLE 


STROBE 


R1 
12 8 OUTPUTS 
LATCHES (Q3 THRU Q10) 
12-BIT NOT SHOWN 
DATA STATIC 
IN Be SHIFT 


Ww 
\/ 


si9Aug Aejdsig 


REGISTER 011 


se: Rp. SERIAL OUT 


FUNCTION TABLE 


NTROL INPUT 
a eR SHIFT REGISTER LATCHES OUTPUTS 
R1 THRU R12 LC1 THRU LC12 SERIAL Q1 THRU Q12 
STROBE 


Load and shiftT Determined by Latch Enable+} R12 |Determined by Strobe 
No change Determined by Latch Enablet]/ R12 |Determined by Strobe 


As determined above | Stored data R12 |Determined by Strobe 

As determined above | New data R12 |Determined by Strobe 

As determined above | Determined by Latch Enablet} R12 |AIIL 

As determined above | Determined by Latch Enablet]| R12 |LC1 thru LC12, respectively 
H = high level, L = low level, X = irrelevant, T = low-to-high-level transition. 


1 R12 takes on the state of R11, R11 takes on the state of R10, . . . R2 takes on the state of R1, and R1 takes on the state of the data input. 
+New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
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typical operating sequence 


es VALID IRRELEVANT 
SR 
CONTENTS INVALID VALID 


LATCH 


ENABLE i | 


LATCH PREVIOUSLY STORED DATA NEW DATA VALID 


CONTENTS 


STROBE | 
Q OUTPUTS [vauo_] 


schematics of inputs and outputs 


TYPICAL OF ALL OUTPUTS 
OUT 


EQUIVALENT OF EACH INPUT 


Vcc2 FOR 

Q OUTPUTS 
Vcc1 FOR 
SERIAL OUTPUT 


OUTPUT 
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VACUUM FLUORESCENT DISPLAY DRIVERS 


DA RESET SIAL FES ROE Sef SS ss SST TE eR Eat PE SSP aS TNs EBD DT ART SE CS 1 tl GRAS AR EST REELS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Bins VON. Wort - (O00 NOT a0 he ins ota ny yes nl a Ne Re eee ee Ss 15 V 
BUODIS VOlaGO. VCE 8 sige ive do cere oF PE eS Oe oa Ep OE pee oS lee sd 3 7OV 
OSE Te OE et Sales ae Re a ne a ERR ee irae oo on yeh ig Meiers «ye rah ay ee ee ee Ove VcCc1 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 
EP CNG... Ate, Coals 8 ge ee be o stares dG eae Vanes 9 eo ee gay cate a, 1125 mW 
EET (og Te etn tg ty Ries te NR AR 5 SE a POR RIE, Sea ERES IE SO eR FOI 5 RS 1150 mW 
Operating free-air temperature range: SN65512B........... 2.0... eee ee ees — 40°C to 85°C 
3 Me ere, he each icy a5. See O°C' te: 70°C 
Sar GO TOI OratGve 6 MINI fo ges Svensson sb AGE OS ere A afta wate esd fg —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.............2++ee euros 260°C 
2 NOTES: 1. Voltage values are with respect to network ground terminal. 
CT 2. For operation above 25°C free-air temperature, derate the DW package at the rate of 9.0 mW/°C and the N package at the 
o rate of 9.2 mW/°C. 
< 
|") recommended operating conditions 
< 
® NIT 
> | MIN, MAX | 
Pe Sees 
Supply voltage, Vcc2 DR ia Se Gs, BS 
Sees i 
MESS Sa 
ies cmonetign ee ee 
Pes es pak | 
e WRC RCS 5 
eet ee ee 
Pulse duration, clock high or low, tw a 
pars 
Setup time, data before clockT, tgy Vec1 = 15 V, Ta = 25°C Ss Oe eee 
(see Figure 1) Veci1=S5V, Ta = 25°C os 
Hold time, data after clockt, th 1) eae 
(see Figure 1) ‘|Vec1 =5V. Ta = 25°C oe] oe 
Operating free-air temperature, Ta -—40 0 70 
electrical characteristics over recommended operating free-air temperature range, VCC2 = 60 V (unless 
otherwise noted) 
ig, input came Woliage a a ew ee 
voltage iH = ~200nA, Vec1=10V | 9 95 
ion = 5mA, __Vecr = 10V eee 
voltage ion = 200A, Vcc1=10V | 0.05 0.2 | 
Min _High-levelinput current «| —‘Vcgi = 15V, Vi=SV | 0.011 _‘[ | 
Ti, Low-level input current | _Vccr=18V, Wj=08V | -25 160 | sA_ 
Meeev irs ae Te pme 
Ss Alloutputs high [| 10 100—|_ A _| 
bicasdieee eet OP SS ASS a, 
T All typical values are at Vcc, = 10 V, Ta = 25°C. 
ij 
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switching characteristics, VcCc1 = 10 V, Vcc2 = 60 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
tDHL Delay time, high-to-low-level output 
tDLH Delay time, low-to-high-level output 
tTHL Transition time, high-to-low-level output 


tTLH Transition time, low-to-high-level output 


Cy = 30 pF, 
See Figure 2 


CLOCK 


VIL 


Display Drivers cy 


ViH 


DATA IN 


VIL 


FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 


l¢—Pi- = 30 ns k¢—P}-—- < 30 ns 
| 


| 
| 
| 
| 
| 
STROBE l 
| 


Ke-tDLH->} k¢-*DHL—>y 


Q OUTPUTS 


| 
l¢—PI—t TLH kKe—P—t THL 
FIGURE 2. SWITCHING-TIME VOLTAGE WAVEFORMS 
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D2721, MARCH 1983—REVISED SEPTEMBER 1986 


@ Each Device Drives 12 Lines DW OR N PACKAGE 
@ 60-V Output Volt Swing Capabilit ied ideas 
- utput Voltage Swing Capabili 
P g ei y Q11 [11 O20] ai0 
@ 25-mA Output Source Current Capability Q12 [ }2 191] Q9 
@ High-Speed Serially-Shifted Data Input STROBE |)3 '81] a8 
SERIAL OUT [ }4 171 | Q7 
@® TTL-Compatible Input DATA IN | {5 161] Vec2 
@ Reset Input Vec1 Lj6 15,] GND 
CLOCK |[ 7 141] 06 3 
description RESET (J8 = 131] Q5 


Q1 | }9 121 |] Q4 
The SN65513B and SN75513B are monolithic G27. <uLras 


; Pe : : ” 
BIDFETT integrated circuits designed to drive a o 
dot matrix or segmented vacuum fluorescent 2 
display. a 
All device inputs are diode-clamped p-n-p inputs > 
and will assume a high logic level when left open. & 
The nominal input threshold is 1.5 volts. Outputs Py 
are totem-pole structures formed by n-p-n QO 
emitter follower and double-diffused MOS 
(DMOS) transistors. 
The device consists of a 12-bit shift register and 12 output AND gates. Data is entered into the shift register 
on the low-to-high transition of the Clock input. The active-low strobe input enables all Q outputs. The 
Reset input sets the shift register contents to all lows. The serial data output from the shift register may 
be used to cascade additional devices. This output is not affected by the strobe input. 
The SN655138B is characterized for operation from —40°C to 85°C and the SN755138B is characterized 
for operation from O°C to 70°C. 
logic symbol* 
TTL/VAC 
FLUOR DISP 
STROBE 
RESET 
CLOCK 
DATA IN Q1 
a2 
a3 
a4 
a5 
a6 
Q7 
as 
ag 
Q10 
011 
Q12 
SERIAL OUT 
T BIDFET—Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip—patented process. 
+ This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
PRODUCTION DATA documents contain ee Copyright © 1983, Texas Instruments Incorporated 
rhc neegl a as Bs i ot TE wip 
roducts conform to specifications per the terms x AS 
of Texas Instruments standard warranty. 3-59 
Production processing does not Beccles INSTRUMENTS 
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logic diagram (positive logic) 


STROBE Be 
RESET & Be 


CLOCK ae SHIFT 
REGISTER 


DATA IN 1D 
al a1 
R 


a 


Q2 


sioaug Aejdsig 
7S 


8 STAGES 


e @ » « 
e @ & s (Q3 THRU Q10) 
® 6 e NOT SHOWN 


Q11 


Q12 


SERIAL OUT 


FUNCTION TABLE 


INPUTS OUTPUTS 
FUNCTION SHIFT REGISTERS 
RESET STROBE SERIAL Q1 THRU Q12 
R1 THRU R12 

Load and Shift? R12t | Determined by strobe 

H Not H No Change R12 All L 

STROBE : 

H Not L No Change R12 R1 thru R12, respectively 

oo Se ey ane AI 


H = high level, L = low level, X = irrelevant, T = low-to-high transition. 
T R12 and the serial output take on the state of R11, R11 takes on the state of R10. . . R2 takes on the state of R1, and 
R1 takes on the state of the data input. 
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SN65513B, SN75513B 
VACUUM FLUORESCENT DISPLAY DRIVERS 


typical operating sequence 


DATA IN VALID IRRELEVANT 
SR CONTENTS INVALID VALID CLEARED 


RESET | 
STROBE 


Q OUTPUTS [_ vauo | 


schematics of inputs and outputs 


Display Drivers 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc2 FOR 
Q OUTPUTS 
Vcci FOR 


SERIAL OUTPUT 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SOLAR Ey SOO TNE 8 Fig Sele nc Se ooo oy a Rae a “ed hee lind Someta te, 5 eb ace eeeat ere 15 V 
SoM RE Naar ca eal heen CARS “ae whi ve Ledehe FF Tigi KGL etremsaNe abv) © Sa ae 7OV 
yo a Aaah AS ot eRe CE ee. PEED yee Be AP aPN Rem NCEN SE: Dh hiege patn pee be tain Ss VCC1 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1150 mW 
Operating free-air temperature range: SN65513B.............. 20000 e ee eee — 40°C to 85°C 

Sed NON Pete a aig eee ge te wan ee ee Pe eas 6°C to 76°6 
Re TOMPOrOtOlG AA oon ask cece So osu poe es he ae ee es —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................00000% 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly to 598 mW at 85°C at the rate of 9.2 mW/°C. 
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recommended operating conditions, TA = —40°C to 85°C (unless otherwise noted) 


Supply voltage, Vcc2 
High-level input voltage, Viy 
Low-level input voltage, Vj, 


Vec1 = 15V, Ta = 2 
Clock f i 
ock frequency, folgck Necy = oe Teese 
: Veci1 = 15 V, Ta = 25°C 
Pulse duration, clock high, t 
Vec1 =5V, Ta = 25°C 
; Vec1 = 18 V, Ta = 25°C 
Setup time, data before clockT (see Figure 1), tsy = 
Veoc1 = 5V. Ta = 25°C 
: : Vcci = 158 V, Ta = 25°C 
Hold time, data after clockT (see Figure 1), th = 
Vcoci1 = 5V. Ta = 25°C 
ea T 
Operating free-air temperature, Ta SN75513B 


electrical characteristics over recommended operating free-air temperature range, VCC1 = 10 V, 
Vcc2 = 60 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
Vik Input clamp voltage i, = = 12 mA oe ee 


; Q outputs lIoH = —25mA 57.5 8 
VOH High-level output voltage - 
Serial output | 1OH = — 200 HA oie act aaa 


; 5 
io. = 5 mA 
VOL Low-level output voltage - a ot i Vv 
jot = 200 nA 
2 
8 


V 
Vv 

NH High-level input current Vec1 = 15V, Vj = 15V ope! aa Be Bg 

Hie Low-level input current Veci = 18-V, Vi = OV -25 -150 


5 
0.2 
Vcc1 = 15 V, = Allinputs at 5 V 0.08 0.5 
Bey ger ee eee Vec1 = 15 V,_ Allinputs at 0.8 V 
Vceci1 = 15 V, All outputs high 0.01 0.1 
eo ee Voc1 = SV, Strobe at 2V 


T All typical values are at Veci = 10:V, Ta = 25°C. 


switching characteristics, Vcc1 = 10 V, Vcc2 = 60 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
tDHL Delay time, high-to-low-level output 


tDLH Delay time, low-to-high-level output Cy = 30 pF, 
tTHL Transition time, high-to-low-level output See Figure 2 
tTLH Transition time, low-to-high-level output 
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PARAMETER MEASUREMENT INFORMATION 


| ae ee Ag 
CLOCK I es ee 
| | VIL Aes ; 
SIE hy TM IO: . 
ee eee 
| 
V 
COSCO lf 1H - 
> 
FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 5 
“ 7 
zs j@— = 30 ns — 
—| j+— < 30 ns I ‘o ! we 
| Bor 3V 2 
STROBE lasv | Q 
10% Vi Ye 
l eae sare Ov 
ln I tDHL >| 
| 90% SSC OH 
© OUTPUTS | 
| 10% 
| 1 | VOL 
lke tru pl e—tTH 


FIGURE 2. SWITCHING-TIME VOLTAGE WAVEFORMS 
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D2732, APRIL 1983—REVISED SEPTEMBER 1986 


DW OR N PACKAGE 
(TOP VIEW) 


Each Device Drives 12 Lines 


125-V Output Voltage Swing Capability 


25-mA Output Source Current Capability Q12[]2 19f ] Q9 


High-Speed Serially Shifted Data Input ~STROBE[]3 ~—18f ] O8 
SERIAL OUT[]4 = 171] Q7 
CMOS-Compatible Inputs DATA IN[s 


Latches on All Driver Outputs VECTLe . 1S VEGs 
CLOCK[]7 = 14] GND 


Qi[]s 13[] Q6 
Q2[}9 127] Q5 
Q3[}10 11{ |] Q4 


3 


description 


The SN75514 is a monolithic BIDFETT integrated circuit designed to drive a dot matrix or segmented vacuum 
fluorescent display. All device inputs are diode-clamped CMOS compatible inputs. The outputs are totem- 
pole structures formed with double-diffused MOS (DMOS) transistors. 


The device consists of a 12-bit shift register, a 12-bit storage register, and 12 output AND gates. Serial 
data is entered into the shift register on the low-to-high transition of the clock input. On the high-to-low 
transition of the strobe input, data is transferred from the shift registers to the latches. When Strobe goes 
high, all Q outputs are enabled. Serial data output from the shift register may be used to cascade additional 
devices. Serial Out is not affected by the Strobe input. 


Display Drivers 


Supply voltage VCC2 and VCC3 are used to provide 25-milliampere output source current capability at 
acceptable static device power dissipation. In this mode of operation VCcCc3 should be equal to 
Vcc2 + 10 volts. It is possible to operate this device with VCC3 = VCC2. However, the current capability 
will be reduced. 


The SN75514 is characterized for operation from O°C to 70°C. 


logic symbol* logic diagram (positive logic) 


CMOS/V AC 
FLUOR DISP 


STROBE 


STORAGE 
REGISTER 


SHIFT 
REGISTER 


CLOCK 


DATA IN 


8 STAGES 
(Q3 THRU Q10) 
NOT SHOWN 


Q12 
SERIAL OUT 


7 


tT BIDFET—Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip—patented process. 
+ This symbol is in accordance with ANDI/IEEE Std 91-1984 IEC Publication 617-12. 
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FUNCTION TABLE 
FUNCTION 
CLOCK R1 THRU R12 LC1 THRU LC12 
Not X No change Stored data R12 Determined by Strobe 
{ As determined above New data R12 Determined by Strobe k 
H As determined above Stored data R12 LC1 thru LC12, respectively 


H = high level, L = Low level, X = irrelevant, | = low-to-high-level transition, | = high-to-low-level transition. 
*R12 takes on the state of R11,.R11 takes on the state of R10... R2 takes on the state of R1, and R1 takes on the state of the data input. 


3 


typical operating sequence 


DATA IN VALID IRRELEVANT 
a pie cin ei INVALID VALID 
CONTENTS 


SJ9AUQG Aejdsiq 


STROBE 
STORAGE REGISTER 
CONTENTS PREVIOUSLY STORED DATA NEW DATA VALID 
Q OUTPUTS VALID RL 


schematic of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUTS 
Vcc3 
Vec1 Wee? Vcc1 


o 


er OUTPUT OUTPUT 


a ; 


NOLLVIWHO4NI AVONVAGV 


GND 


. 
~~ 
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NET a ETS a SE OT NR MEW AGEL UUW TSC Dad Pe Oa SA GOT OTROS RE NG NPR SE CSOT ER VTC EA CTR TP DEPT CREAM COMET OTRRET TTS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Susteren SNM SEE ed, VR INCIEGE BRS. Ser. yt «sate itive 5 EM 0-0 ba iby eww a arate DR eS 15 ¥ 
DUTT er ee WI 6, 5) cus PET AE ee Dc ee chr ce ee be ee PE 130 V 
INE. WE io a atin 5s Si¥ie we wa PAR ee a a sp oe Spot ees wa 2d a a RT a a ea 140 V 
Supply. VoRaGe Cmrorence, VOCA=VEC8>. 2.205). 2 Sak. wok TR Rei. Tk Ri eee 75 V 
MRE, VC EI So Fhe Shon doe we hte oa a os Bea SPAR coh cs es ls 0 oo nate RR VcCc1 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

De Sa eS re eae doo). oe en eee. |e Nate 1125 mW 

DWE ashing ae va oy Mide sone d Me enn vee PO tae ike ae hk a gate. COs JRRCLEE 1150 mW 
Operating. 1ee-alr temperature hange-=.iif.. OS i. Ss es hem GS WAS O°C to 70°% 
meee CONDGrOtUIF TANIGO-) 2. oo cc ons. a Wachee aAplaT eT hs ov dM wide 4b oe own —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................000- 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the DW package to 720 mW at 70°C at the rate of 9.0 mW/°C, and 
the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


Supply voltage, Vcc3 Vcc2 Vec2+10 


, , . Vceci1 = 5V 
High-level input voltage, Vj} (see Figure 1) V 
Vec1 ="15 V 
Low-level input voltage, Vi, (see Figure 1) banc Rist V 
ow-level input voltage, e Figur 
ere vec1 = 18 


0 7.5_| Me 
[Data setup time before clock, ty (see Figure) SSCSC~“C~S*~“~—‘—~—~sCSSOSCSCSC*“‘CN’C#*d#‘COWC*S 
[Date hold time after clockT, thieee Figure) SSCSC~‘iCSSSSSCSC*C“‘CSCC#d‘CO®*CS 

A ORR 


; : Vcc = 5V 
Delay time, strobe low to clock high, tg(SL-CH) Vy 1B V 
CC = 
Operating free-air temperature, Ta 
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SN75514 | : ADVANCE 
VACUUM FLUORESCENT DISPLAY DRIVER INFORMATION 


electrical characteristics over recommended operating free-air temperature range, VCC1 = 10 V (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS 
ViK Input clamp voltage yj = -1mA 


hr Bs eat i 
VoL Low-level output | Qoutputs | Io, = 2.5 mA 

vid 
iets 100 Woy 


Vv = 15V 
Icc1 Supply Current from Vcc} a a 


MIN TYPt MAX | UNIT 


“1 Vec1 = 15V 
ac lcc2 Supply Current from Vcoc2 Vec2 = 130 V, 
<< CC3 
| All outputs high outputs high 
i) Icc3 Supply Current from Icc3 
= Strobe at 0 V 
s'] 
o TAll typical values are at Ta = 25°C. 
switching characteristics, VCC1 = 15 V, VCC2 = 130 V, Ta = 25°C 
PARAMETER TEST CONDITIONS | MIN == MAX | UNIT 
tpHL _ Delay time, high-to-low-level output esas oo ee 
tpLH Delay time, low-to-high-level output CL = 30 pF, Se eae See 
tTHL Transition time, high-to-low-level output See Figure 4 ited tee ee ee 
tTLH Transition time, low-to-high-level output Re Sera eek ee ae 
rT 
2 
o 
3 
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ADVANCE 


SN75514 


INFORMATION VACUUM FLUORESCENT DISPLAY DRIVER 
RECOMMENDED OPERATING CONDITIONS 
INPUT THRESHOLD MAXIMUM INPUT DATA RATE 
vs vs 
SUPPLY VOLTAGE Vcc} SUPPLY VOLTAGE 


V ;—Input Voltage—V 


mavens | | [7 


N v, 
x= 
: Pot ere 
prs 
3 
i 
S$ 5 
g 
$ a 
So 3 
E 
3 
E 2 
3 
1 
0 
7 9 11 13 15 4 6 8 10 12 14 16 
Supply Voltage Vcc1—V Supply Voltage Vcc1—V 
FIGURE 1 FIGURE 2 
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SN75514 | ADVANCE 
VACUUM FLUORESCENT DISPLAY DRIVER INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


}¢— tsy—}*— th —9 


wn XK = KKK. 


FIGURE 3. INPUT TIMING VOLTAGE WAVEFORMS 


H 


L 


}¢->t— <30 ns ke-ot- <30 ns 
a. | 
| 


bat | Vec1 


STROBE  *7-—------ 


Q OUTPUTS 


FIGURE 4. SWITCHING-TIME VOLTAGE WAVEFORMS 
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“SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS = 


D2720, MARCH 1983—REVISED OCTOBER 1986 


@ Each Device Drives 32 Lines N DUAL-IN-LINE PACKAGE 
; 2 TOP VIEW 
® 60-V Output Voltage Swing Capability | 
@ 25-mA Output Source Current Capability Vcec2 Vcc 
SERIAL OUT DATA IN y 
@ High-Speed Serially Shifted Data Input Q32 Q1 
@ Latches on All Driver Outputs 031 Q2 
Q30 Q3 
description Q29 a4 
a28 Q5 3 
The SN65518 and SN75518 are monolithic Q27 Q6 
BIDFETT integrated circuits designed to drive a 026 Q7 
dot matrix or segmented vacuum fluorescent 025 a8 B. 
display. 024 fats) 7 2 
The devices each consist of a 32-bit shift Q23 Q10 S : 
register, 32 latches, and 32 output AND gates. Q22 Q11 
Serial data is entered into the shift register on O21 Qt2 = ts, 
the low-to-high transition of the clock input. Q20 Q13 y- ee 
While the Latch Enable input is high, parallel data Q19 Q14 a. 
is transferred to the output buffers through a Q18 Q15 fo the 
32-bit latch. Data present in the latch during the Q17 Q16 * 
high-to-low transition of Latch Enable is latched. STROBE LATCH ENABLE 
When the Strobe input is low, all Q outputs are GND CLOCK 
enabled. When the Strobe input is high, all Q 
Outputs are low. FN PACKAGE 
Serial data output from the shift register may be rar VIEW) 
used to cascade additional devices. This output = 
is not affected by the Latch Enable or Strobe ro) 2 
inputs. r= i 
O- NF OOF t 
The SN65518 is characterized for operation from CS Bau SlA5as 
—-40°C to 85°C and the SN75518 is Sr Le 
characterized for operation from O°C to 70°C. a a a, 
a29f7 39[]04 
Q281]8 38|,Q5 
Q2719 37[} Q6 
Q26[] 10 36[} Q7 
Q25]]11 35|]Q8 
Q24 34 {| Q9 
Q23{)13 33{} Q10 
Q221)14 32{|}Q11 
Q21[)15 31{}Q12 
Q20]) 16 30] Q13 
Q19]}17 291 NC 
21 4252 
Oo re Q 5 0; owas YO 
“a0os 64000" 
cc aa = 
ain? a 
x 
O 
om 
 @ 
aa 
TBIDFET — Bipolar, double-diffused, N-channel and P-channel MOS NC —No internal connection 
transistors on same chip—patented process. vie 
PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated a 
pers as of gorge date. — lent re i s 
ti t ter xas instruments 
svuiaré eartons: Peudaction Pb sl does not TEXAS 3-71 
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SN65518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 


logic symbolt 


CMOS/VAC 
FLUOR DISP 


STROBE ne 
LaTcH {22! 
ENABLE 
CLOCK 
DATA IN [32) 01 
a2 
Q16 
4) g31 
032 
SERIAL 
OUT 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the N package. 


logic diagram (positive logic) 


STROBE 


LATCH 
ENABLE 


SHIFT 
REGISTER 


DATA IN 
CLOCK 


28 STAGES | 
(Q3 THRU Q30) 
©] NOT SHOWN 


SERIAL OUT 
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SN65518, SN75518 


FUNCTION TABLE 


! VACUUM FLUORESCENT DISPLAY DRIVERS 
[urns 
FUNCTION LATCH in at 

X No change Determined by Latch Enable8} R32 | Determined by Strobe 
Xx X As determined above| Stored data R32 |Determined by Strobe 

X H As determined above|Determined by Latch Enable?} R32 |AIIL 
X As determined above} Determined by Latch ca: \Wecaasea ae 

H = high level, L = low level, X = irrelevant, | = low-to-high-level transition. 


* R32 and the serial output take on the state of R31, R31 takes on the state of R30, . . . R2 takes on the state of R1, and R1 takes on 
the state of the data input. 


8New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 


SHIFT REGISTER 
R1 THRU R32 


LATCHES 
LC1 THRU LC32 


3 


typical operating sequence 


CLOCK HULL] Ban 
eee 
DATA IN Fe OG IRRELEVANT 
SR CONTENTS INVALID | VALID 


LATCH ENABLE | 


LATCH | 
CONTENTS PREVIOUSLY STORED DATA NEW DATA VALID 
STROBE | | 
Q OUTPUTS [ vauo | 
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- §NG5518, SN75518 
VACUUM FLUORESCENT DISPLAY DRIVERS 


schematic of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 
Vcc2 Vcc1 


Vcc1 


3 


OUTPUT 
ef =, 
” 
gi 
2 
: € 
a?) 
os 
os 
| s absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
TT TE oe dB TS it a ae ae ag, aio hd ene aie ana iee aren Minne steel AGS te Are same oe 15 V 
eee SCE Sree ss! tree ote yt Sie cate ear Sig rg a. 2 pe eae SS ete Lug te win ke 7OV 
Ree INR WR el ed Read sw nH be 0's A eae he ck R a! 6 kchan Mek Gee eR bs VcCc1 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
N- BEOKkGRGe 5S eS COS ee Sie Se ee ree ee ier ete a a 1650 mW 
PENN EN a saat a a an etic bs 0 ea Woke © ese adele BE ROE kis Fam or Re wk eo 1700 mW 
Operating free-air temperature range: SN65518............. 2... eee ee ee — 40°C to 85°C 
Oy eek ale A a ee ea ee OFC ta JOPC 
Se ii, GL yt. mange iin aah tala 9 gare Prat ar rar er ae aE Sage a A ey a —-65°C to 150°C 
Cage Tenineretire- Tor 10, SaCONCG— FN DAGKAOG. |. acscccave winks A ee en eee ee es 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the N package linearly at the rate of 13.2 mW/°C and the FN package 


linearly at the rate of 13.6 mW/°C. 


3-74 TEXAS tip 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


x 


vy 
i * 


VACUUM FLUORESCENT DISPLAY DRIVERS 


recommended operating conditions, TA = 25°C (unless otherwise noted) . 


Supply voltage, Vcc 
Supply voltage, Vcc2 


; , ; Veci1 = 4.5 V ; 
High-level input voltage, Vj} (see Figure 1) 
Veci1 = 15 V 
Vv =45V 
Low-level input voltage, Vj, (see Figure 1) 
Vcec1 = 15 V 


High-level output current, IoH 
Low-level output current, Io. 


iNocy =10Vto15V | = 10 V' to 15:V 
Clock frequency, feiock (see Figure 2) — = 45-0 


: ) Vec1 = 10 Vto 15 V 
Pulse duration, clock high, tw(CKH) Vcc 4.5 V 
= 5, 
Veoc1 = 10 Vto 15 V 
Pulse duration, clock low, tw(CKL) V 4.5 V 
CC ‘ 


WwW 
ol 
= 
< 
N 


. Vcec1 = 10 Vto 15 V 75 
Setup time, data before clockT, tsy Voc A5V 
ae 
; Vcc1 = 10 Vto 15 V 75 
Hold time, data after clockT, th Voc A5V 
he. 4 
ARIE TA rsness18SSSSC=*dt;CH a6 
Operating free-air temperature, Ta SN75518 


electrical characteristics over recommended ranges of operating free-air temperature and VCC: (unless 
otherwise noted), VCC2 = 60 V 


PARAMETER TEST CONDITIONS 


MIN TYPt MAX 


SN75518 0.01 


© 
on 


| MIN TyPT MAX | 
Vik) input camp Velie mA 
. 
ea ik er ae ee 
lovee cf i 
Cin __Highlevel input current _——=——S*d| Vega = 18, Wi = 18 Poe nl ea 
Ti, __tow-level input current __———*dwt ec = 18V,__W= OV PO 
Voc = 4.5V 
[SNGS516 | Outputshigh, _Ta= 40° | ——SS—~i CS 
icc5 Supply current Outputs high, Ta = 0°C to MAX 


T All typical values are at Ta = 25°C. 
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yh SV Rese, Bae Soe ee Oe te sia, ; ame exci Ae! oe eo dee st OR eee ee 
ae pace PAE a sg nt ms +e, Be EZ at eer. ta ; i Pe: # az , 
Be? Tat i. aS " ie! aia ¥ Wz b) a Je 
~~ Now fee a ’ + oe : =~. an s% I : . re ir.” 
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SN65518, SN75518 : 
VACUUM FLUORESCENT DISPLAY DRIVERS 


switching characteristics, VCC2 = 60 V, CL = 50 pF, Ta = 25°C (unless otherwise noted) 


t Delay time, Clock to data output Vcec1 = 4.5 V CL = 15 pF, 
d elay time, oc oO data outpu Vers me gt aS seek 


from latch enable See Figure 5 
Vec1 = 4.5 V 


tpHL Delay time, high-to-low-level from strobe See Figure 6 


Q output from latch enable See Figure 5 


Crs 
from strobe See Figure 6 
from latch enable “ey See neue 5 


3 tpLH Delay time, low-to-high-level from strobe Vcct 

Q output from latch enable 
o from strobe 
o : Transition time, high-to-low-level See F 6 
2 THL aaa ee Figure 
<< ae Transition time, low-to-high-level 

Q output 
S 
= 
4 , 
@ RECOMMENDED OPERATING CONDITIONS 

INPUT VOLTAGE LOGIC-LEVEL LIMITS MAXIMUM INPUT DATA RATE 

vs VS 
SUPPLY VOLTAGE Vcc1 SUPPLY VOLTAGE Vcc 1 


Ta = Full Range 


Vi—Input Voltage—V 
Maximum Clock Frequency —MHz 


4 6 8 10 12 14 16 
Supply Voltage Vcc1—V Supply Voltage Vcc1—V 
FIGURE 1 FIGURE 2 
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SN65518, SN75518 
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PARAMETER MEASUREMENT INFORMATION 


k——— tw (CKH) ——>} 


CLOCK 


| 
le —twick)——+ 


pai Dis st cate 


DATA IN 


FIGURE 3. INPUT TIMING VOLTAGE WAVEFORMS 


| 


| el epee soa 
CLOCK 50% 
ViL 


| 
le— ti —>| 
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| VOH 
DATA OUTPUT 50% 
VOL 
FIGURE 4 
3.5V 
LATCH sad 
ENABLE 
-|— —- —--—-——-— Ov 
k—+>- toLH °F toHL 
Vv 
90% an 
Q OUTPUT | 
! 10% 
VOL 
FIGURE 5 


NOTE: For testing purposes, all input pulses have maximum rise and fall times of 30 ns. 
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: ph ; o : “i Vay tnpeey \ ¥ 


we 


VACUUM FLUORESCENT DISPLAY DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


STROBE 

Q OUTPUTS : 

l 
Ded ; VOL 

>t-tTLH tHE 
FIGURE 6. SWITCHING-TIME VOLTAGE WAVEFORMS 
NOTE: For testing purposes, all input pulses have maximum rise and fall times of 30 ns. 
i 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 


D2743, APRIL 1986 


SN55551.. . FD PACKAGE 


@ Each Device Drives 32 Electrodes 
; é (TOP VIEW) 
@ High-Voltage Open-Drain DMOS Outputs 
eg 
@ 50-mA Output Current Capability oRohomokonohonononone) 
a 3 ° Gt AE Se 
CMOS-Compatible Inputs 022h7 39f1010 
@ Very Low Steady-State Power Consumption Q231/]8 389 
Q241)9 37{jQ8 
he Q251) 10 36(JO7 
description Q26f11 35(]06 3 
The SN55551 and SN55552 are monolithic part sp oa 
BIDFETT integrated circuits designed to drive th pier ae seg fae 
g g hig rhb Q29f}14 32(]03 
row electrodes of an electroluminescent display. Q30{) 15 31f]a2 ” 
All inputs are CMOS-compatible and all outputs Q31[)16 30901 o 
are high-voltage open-drain DMOS transistors. Q32))17 29NC Ro 
The SN55552 output sequence has been fA Q 
reversed from the SN55551 for ease in printed 528s335s O% rs > 
circuit board layout. ) <9037cH & 
2 GOs bs a 
The devices consist of a 32-bit shift register, 32 a O my a2) 
AND gates, and 32 output OR gates. Typically, ” wy a) 
a composite row drive signal is externally re 
generated by a high-voltage switching circuit and 0 
applied to the Substrate Common terminal. Serial z 
data is entered into the shift register on the high- 
to-low transition of the clock input. A high Enable SN55552... . FD PACKAGE 
input allows those outputs with a high in their (TOP VIEW) 
associated register to be turned on causing the Ciena ah ee ee 
corresponding row to be connected to the GO0000000K00 
composite row drive signal. When the Strobe 44 43 42.4140 
input is low, all output transistors are turned on. 011177 39[1023 
The Serial Data output from the shift register qi10p8s 38(} 024 
may be used to cascade additional devices. This . : + a ey 
36 
output is not affected by the Enable or Strobe ova 36(1027 
i hc a6 f12 34028 
The SN55551 and SN55552 are characterized a ea 
for operation over the full military temperature a3f}15 3111031 
range of —55°C to 125°C. a2fMie 3011032 
Q1}17 29NC 
8 2 
FOoOOUOHY 2 OWS 
DSe22er nvo oF= 
= Pe wien ° 25 fe) < 
Ei GOS os 
(aa O 
D uw 
< 
[8 a 
K 
” 
(98) 
Ba) 
WY 
NC —No internal connection 
TBIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip — patented process. 
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated 
nemtiowe as of sage hn date. p peonde oo = 4p 
specitications per the terms of texas instruments 
standard warrant . Production processing does not TEXAS 3-79 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 


logic symbolst 


SN55551 SN55552 
CMOS/EL DISP CMOS/ElL. DISP 
[<2 SOURCE SUPPLY) [<2 SOURCE SUPPLY] 


SUBSTRATE (25) SUBSTRATE (25) 


COMMON COMMON 
STROBE STROBE 
ENABLE ENABLE 
f 
3 CLOCK CLOCK 
DATA IN Q1 DATA IN Q1 
Q2 Q2 
0 ° ° 
= ~” e e 
oO Q15 Q17 
» Q16 Q18 
- : : 
Y Q31 whe Q31 
< 032 Q32 
@ SERIAL OUT SERIAL OUT 
” 
T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. The symbol here indicates an n-channel 
open-drain output. 
logic diagram (positive logic) 
SUBSTRATE 
COMMON 
STROBE 
ENABLE cl 
DATA IN 
CLOCK 
Q2 
28 OUTPUTS 
(Q3 THRU Q30) 
NOT SHOWN 
Q31 
Q32 
SERIAL OUT 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 


FUNCTION TABLE 


SHIFT REGISTERS OUTPUTS 
R1 THRU R32 
Q1 THRU Q32 


Determined by Enable and Strobe 


Determined by Enable and Strobe 
ENABLE 


X 
STROBE X 


H = high level, L = low level, X = irrelevant, | = high-to-low transition. 
TRegister R32 takes on the state of R31, R31 takes on the state of R30,. . .R2 takes on the state of R1, and R1 takes on the state of 


3 


the data input. ” 
® 
typical operating sequence 4 
Q 
VIH 
CLOCK > 
SUBSTRATE COMMON & 
Vv a. 
DATA IN “ a 
SUBSTRATE COMMON Q 
oie Maen gti ga oa een ViH 
SN55551 ENABLE 
| SUBSTRATE COMMON 
sees hem tee at -tomeros oe 
SN55552 ENABLE | | | 
SUBSTRATE COMMON 
ViH 
STROBE 
SUBSTRATE COMMON 
COMPOSITE ROW . on + HV. 
DRIVE APPLIED TO | | 
SUBSTRATE COMMON eh Ov 
—-— ee | HV 
SN55551 ca eee 
FLOATS OUTPUT FLOATS 
Q1 OUTPUT e—>} 
me ee ee ee ee ee ee HV 
-- +HV 
SN55552 OUTPUT FLOATS OUTPUT FLOATS 
Q1 OUTPUT 
a a HV 
—-- +HV 
SN55551 OUTPUT FLOATS OUTPUT FLOATS 
Q2 OUTPUT —_£_——————_>} 
——-—-—--—-— -—- -—— - - - HV 
OUTPUT mopoee st 
— OUTPUT FLOATS 
Q2 OUTPUT We 
bce italien? SS Sos ae ne ae eee ae ee a 
NOTE: During operation Clock, Data In, Enable, and Strobe are referenced to the Composite Row Drive signal received at the Substrate 
Common pin of the device. 
. mip 
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~$N55551, SN55552 
-ELECTROLUMINESCENT ROW DRIVER 


schematic of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 
Vcc OUTPUT Vcc 


OUTPUT 


SUBSTRATE SUBSTRATE SUBSTRATE 
COMMON COMMON COMMON 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


SeRaea EEL Mas INOhG Ne Re ON CTLEG 8) Cr he a 5 nest sd rm 8 digbani sa Mle pe bene AR Ow 9 Oey 18 V 
Mereye RUE, OLGEIUIC MRT OUO VSI AEE) § cen wie eS safe in terse w ae de res omc 4a gs yikcath. eee ee 225 V 
MIIROMEMCUE Sr ees Senta icscy ate ee a} wos kay are ACS Tk ee weet lel eke eS ee Vec+0.3 V 
Supstrate cominon: terminal cutrentisee Note 2) 6.6. ee es ee oe See ee 1.5A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3)....... 1825 mW 
NininuM. Operaung: 1rde-ait t6MNDOrsture . 665. ee oe ie Ss we ek oa ee ee —§5°C 
Oe EE TTT ARES el aol nae ee ORS ee AS CORREO? 5 he ae a 126°C 
St MRO CUP CLIVrO oo es 2 te a vie i Be pee aa, + a ae es —-65°C to 150°C 
pease te Orpture TOF MeO BRECONGG 2... fick iS. oo. ap a’ te Mere ew ae « wi Oe eis ee a ee 260°C 


‘NOTES: 1. Voltage values are with respect to substrate common terminal. 
2. Duty cycle is limited by package dissipation. 
3. For operation above 25°C free-air temperature, derate linearly at the rate of 14.6 mW/°C. 


recommended operating conditions 


03 0-25Vec 


Vop = 80 V, 
Duty cycle < 1% 


IO(on) On-state Q output current 


th Hold time, data valid after clock!, Ta = 25°C 


Ta Operating free-air temperature 
“We Operating case temperature 125 
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SN55551, SN55552 > 


ELECTROLUMINESCENT ROW DRIVER 


electrical characteristics over recommended operating temperature range, VCC = 12 V, substrate 
common at 0 V 


PARAMETER TEST CONDITIONS 
VOH High-level output voltage O — 100 pA 
O 
OL Z 


? eR Oe Q outputs 
ow-ievel output voitage 
r % Serial output Io = 100 pA 


| 

| 
iH High-level input current V 12 V 
Low-level input current 


switching characteristics, Vcc = 12 V, Tc = 25°C 


PARAMETER TEST CONDITIONS 
tdLH Delay time, clock! to serial! Cy = 45 pF to common, 
tdHL Delay time, clock! to serialt See Figure 1 


Vpp = 100 V, Ry = 2 kQ, 


tdHL Delay time, enable to Q outputl Ci = 45 pF to common, 
See Figure 1 


OO 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 


PARAMETER MEASUREMENT INFORMATION 


Vpp = 100 V 


Ry = 2k2 


SERIAL OUT was cs POINT Q OUTPUTS TEST POINT 
3 Ree Shek 


3 


9 
S 
ry SERIAL OUTPUT LOAD CIRCUIT Q OUTPUT LOAD CIRCUIT 
< 
LY) 
- 
2 }¢———_——— ty + 
e Vi 
” CLOCK 50% 50% 50% 
Bg i 
be—tsu—y | 
| Vi 


DATA IN 50% | VALID 
Vit 


Sate ton 
WAVEFORM 1 (see Note A) | 
| VOL 
| RaSEaren ep eeosore 
SERIAL OUT — 
| JS ageene VOH 
WAVEFORM 2 (see Note B) 10% 
—_ =~ «a= a= a= o VOL 
Vi 
ENABLE 50% , 
| ‘eto ——> 


que eee eee ee ae Vv 
Q OUTPUTS 90% on 
e (see Note C) 
VOL 


VOLTAGE WAVEFORMS 


NOTES: A. Waveform 1 is for internal conditions such that a low is clocked into R32. 
B. Waveform 2 is for internal conditions such that a high is clocked into R32. 
C. To measure tg(on), a high is stored in the associated register. 


FIGURE 1. SWITCHING CHARACTERISTICS 


4% 
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SN55551, SN55552 
ELECTROLUMINESCENT ROW DRIVER 


RECOMMENDED OPERATING CONDITIONS 


MAXIMUM ON-STATE Q OUTPUT CURRENT 


s 
SUPPLY VOLTAGE 


Maximum—On-State Q Output Current—mA 


Duty Cycle < 1% 
Ta = 25°C 


eats 
Ee Le ae 
ee eee 


Vcc—Supply Voltage—V 
FIGURE 2 


1O(on)— On-State Q Output Current—mA 


TYPICAL CHARACTERISTICS 


OUTPUT CHARACTERISTICS SHOWING 
SAFE OPERATION AREA (SOA) 


TT soi. ft cree Fo 
E \ Te = 25°C 


ye ee ry 
ft fees 
fi 


0 

0 20 40 60 80 100 120 140 160 
Vo— Output Voltage—V 
FIGURE 3 


19 — Output Current—mA 


OUTPUT wine h fetes CURRENT 


JUNCTION TEMPERATURE 


Epa 
Basel. 


Re 


GB iecs’. 


0 
-75 -50 -25 0 25 50 75 100 125 
Ty—Junction Temperature— °C 


FIGURE 4 
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SN65551, SN65552, SN75551,SN75552 
ELECTROLUMINESCENT ROW DRIVER 


D2743, MARCH 1983—REVISED SEPTEMBER 1986 


Each Device Drives 32 Electrodes N re : R 


®@ 
DUAL-IN-LINE-PACKAGES 
@® High-Voltage Open-Drain DMOS Outputs (TOP VIEW) 
@ 50-mA Output Current Capability SN65551, SN75551 
@ CMOS-Compatible Inputs aie (1 Uaoh ais 
@ Very Low Steady-State Power Consumption Qi7Lj2 3913014 
Q1is8C}j3 38f)a013 
description 019C}4 37[Ja12 
Q20Lj5 361) Q11 3 
The SN65551, SN65552, SN75551, and 021 351] 010 
SN75552 are monolithic BIDFETT integrated Q22 341) o9 
circuits designed to drive the row electrodes of 023 331} og ” 
an electroluminescent display. All inputs are Q24 321] 97 oo 
CMOS-compatible and all outputs are high- Q25 31106 2 
voltage open-drain DMOS transistors. The Q26 301] 05 Q. 
SN75552 output sequence has been reversed Q27 o9F] 04 > 
from the SN75551 for ease in printed circuit 028 ogh] 03 — & 
board layout. Q29 571] 02 a 
The devices consist of a 32-bit shift register, 32 Q30 26]_J Q1 fa} 
AND gates, and 32 output OR gates. Typically, Q31 25, J NC ee 
a composite row drive signal is externally Q32 24[J DATA IN 
generated by a high-voltage switching circuit and SERIAL OUT 23{_] STROBE 
applied to the Substrate Common terminal. Serial ENABLE 221) Vcc 
data is entered into the shift register on the high- CLOCK 21) JSUBSTRATE 
to-low transition of the clock input. A high Enable COMMON 
input allows those outputs with a high in their SN65552, SN75552 
associated register to be turned on causing the 
corresponding row to be connected to the 01741 UaofD ai8 
composite row drive signal. When the Strobe Q16(J2 £39fJai19 
input is low, all output transistors are turned on. Q15(C§3 38[)aQ20 
The Serial Data output from the shift register Q14(}4 37{JaQ21 
may be used to cascade additional devices. This 013095 36{JoQ22 
output is not affected by the Enable or Strobe Qi2Cj6 35[)a23 
inputs. Q11 L}7 34LJ] 024 
The SN65551 and SN65552 are characterized Q10L{s = 33} 4.025 
for operation from -—40°C to 85°C. The O99 = 324. 026 
SN75551 and SN75552 are characterized for asU10 3113027 
operation from 0°C to 70°C. Q7(411  30f} 028 
Q6(4ji2 29f) 029 
Q5(413 28{) 030 
O4(414 ) 27) 031 
Q3(415 26[) 032 
Q2(]16 25{)NC 
Q1(417 240) DATA IN 
SERIAL OUT {J18 231] STROBE 
ENABLELJ19 221) Vcc 
CLOCK 211 JSUBSTRATE 
COMMON 
NC—No internal connection 
T BIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip — patented process. an 
PRODUCTION DATA documents contain information - Copyright © 1983, Texas Instruments Incorporated 
current as of publication date. Products conform to i] 
specifications per the terms of Texas Instruments TEXAS 4 
_ Standard warranty. Production processing does not 3-87 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 


RS STA RS MN SS RS RASA ES BR Se EE I SE CEE A TE SRR 


SN65551, SN75551.. . FN PACKAGE SN65552, SN75552.. . FN PACKAGE 
(TOP VIEW) (TOP VIEW) 

=). 0) (OO) Pe ar. CO ON — NO tO Of O ©. Oo=— N 

NN wf rererwrer oc = wrwr er wr wr Kr Kr KH NN SN 

oe Ke Beige = > Re mee oo0o0g000c0c0000d90 

SS OL ret es dy a ed a ee a Bd Ee 

6 5 43 2 1 4443424140 6 5-4 372.41 


Q22]]7 39[] Q10 Q117]7 39[} Q23 


Q23]]8 38[}] Q9 Q10f\8 38[] Q24 
a2419 37[] O8 a9fs 37(] Q25 
3 Q25]]10 36|}|Q7 Q8 [] 10 36|} Q26 
Q26]j11 35[}| Q6 Q7 35|}Q27 
Q27{j}12 34[]Q5 Q6 112 34[] Q28 
we) Q28])13 33[] Q4 Q5 {}13 33{| Q29 
a Q29 34[] Q3 04714 34[}] Q30 
2 0301] 15 31[] a2 03 f]15 31[]Q031 
A 031/)16 30[] 01 02 fie 30 (| 032 
o Q32 [J17 29(} NC Q1 {417 29LJNC 
= 8 1222 2 aa t:) 1999 2 
< jee, SS ga © name Bo aes: 8 eee 5 wen 3 ee ees 4 ae fem 2 ee ape 2 ew Fee Cem FP ews ea 8 ee 9 ees 1 ween Ub om 8 ee 
FOOULOWx Ow Zz FOUULUOW™x Ow 
@ 52222706 om= 52222356 ouF 
a ° 492 "2¢ . <92-e° 
a | —s 
< G°f oa€ < S°2.. 5-4 
17 O 7 O 
Ww 4 i? 2) res 
< < 
c c 
E bE 
1?) Ww 
faa) fea) 
= > 
n ”n 
NC—No internal connection 
logic symbolst 
SN65551, SN75551 SN65552, SN75552 


CMOS/EL DISP 
[<2 SOURCE SUPPLY] 


CMOS/EL DISP 


SUBSTRATE (21 
eH [<2 SOURCE SUPPLY] 


SUBSTRATE (21) 


TtThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. The symbol & here indicates an n-channel 
open-drain output. 
Pin numbers shown are for N package. 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 


logic diagram (positive logic) 


SUBSTRATE 
COMMON 


STROBE 
ENABLE 


DATA IN 
CLOCK 


5 


” 
28 STAGES ® 
(Q3 THRU Q30) > 
* NOT SHOWN ‘e 
: Q 
° ° Q31 > 
: : & 
a. 
7a 2 ag <= E 
oe C1 a) i 
032 
5a as ae Se 
O> C1 
SERIAL OUT 


FUNCTION TABLE 


CONTROL INPUTS SHIFT REGISTERS OUTPUTS 
FUNCTION 
R1 THRU R32 
CLOCK | ENABLE | STROBE SERIAL Q1 THRU 032 


Determined by Enable and Strobe 


{ xX 
LOAD 
No. | Xx 


R32 
R32 Determined by Enable and Strobe 
R32 All Q outputs off 

Determined by R1 through R32 


All Q outputs on 
H = high level, L = Low level, X = irrelevant, | = high-to-low transition. 


tRegister R32 takes on the state of R31, R31 takes on the state of R30,. . .R2 takes on the state of R1, and R1 takes on the state of 
the data input. 


ap 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 


typical operating sequence 


ViH 
CLOCK 
SUBSTRATE COMMON 


VIH 
SUBSTRATE COMMON 


Cr iN eee a eee ViH 
SN75551 ENABLE 
SUBSTRATE COMMON 
ee eee ViH 
SN75552 ENABLE 
SUBSTRATE COMMON 


DATA IN 


3 


oO ViH 
a STROBE 
* SUBSTRATE COMMON 
ry COMPOSITE ROW -- +HV 
< DRIVE APPLIED TO 
rs) SUBSTRATE COMMON mie OV 
= 
ee, ne ee ee HV 
@ call OUTPUT a 
s 
” leg ae free OUTPUT FLOATS 
ee HV 
-- +HV 
SN75552 OUTPUT FLOATS 
pei ioe OUTPUT FLOATS 
PO ay 2 oh eg ee ee Fey Hee HV 
—- +HV 
SN75551 OUTPUT FLOATS OUTPUT FLOATS ; 
Q2 OUTPUT }e—_—_____—__—-_} 
ee ee HV 
—- +HV 
SN75552 
02 OUTPUT OUTPUT FLOATS 
’ ah i ls AT 1 eee ile sd Oe et eee | SAO PRS eo og Tea ah a HV 


NOTE: During operation Clock, Data In, Enable, and Strobe are referenced to the Composite Row Drive signal received at the Substrate 
Common pin of the device. 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 


schematic of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL O OUTPUTS TYPICAL OF SERIAL OUTPUT 


Vcc OUTPUT 


3 


OUTPUT 
bo 
® 
we 
= 
SUBSTRATE SUBSTRATE SUBSTRATE QO 
COMMON COMMON COMMON > 
© 
Be» 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) a 3 
Ut tee et tS ROO CR PP oes coer See i ae den ee oo ee Me oak aa ys Dine oe eee 18 V NG aN 
OQ off-etate: ouiiput.veliage: VOtighf}< seein er ER EEE ETON PEROT RS 225 V ; . 
WOE so coo ca a Re DE OD ie AML A GAPID Piety Sat wt bee Te RAPS os hg dials ids Veo +0.3 ¥V 
subsirate common terninal Gurrent (see Note 2). bo ac a La baw le ce BR ele 1.5A 
Continuous total dissipation at (or below) 25°C free-air temperature 
Cer Tee GAT MO MUIM. 8 V Si ns bak got eR te 8a oe CERRY clas ae aes 1700 mW 
RIN se ks ar ci eae i mln eugtes tang Selec. Sih le Oe oan Fae eek 1250 mW 
Operating free-air temperature range: SN65551, SN65552 ........2.....00... — 40°C to 85°C 
SNEOOOT, OMT OOOS «bcc k ei tee Ahadae Gitar, dim 0°C to 70°C 
Dane LOM ntie renga Ae fl ck, Bie we hee wen intends Dh etiinl he —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................000% zo0rC 


NOTES: 1. Voltage values are with respect to substrate common terminal. 
2. Duty cycle is limited by package dissipation. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the N package, use 
the 10.0-mW/°C curve for these devices. 


recommended operating conditions 


ERE GEE Sak OS ee FC eee ea Se aE nto el ume 
Vcc Supply voltage 10.8 42 15 


| | | Vec = 10.8 V ee 
VIH High-level input voltage (see Figure 1) V 
Vec = 15 V T1225 15.3 
; ‘ Vcc = 10.8 V +23 2.7 
VIL Low-level input voltage (see Figure 1) V 
Vcc = 15 V -0.3 3.76 


VOloff) Off-state Q output voltage fe) 200 


On-state output current, duty cycle < 1%, Vcc = 10.8 V, Ta = 25°C RE Se! 2 

Ofon) (see Figures 2, 3, and 4) Voc = 15V,_ Ta = 25°C Eo eee iP ree 

(OK Output clamp current he ee 
Teiook Cock Teaueney vi 
tw Pulse duration, clock high or low SE Bearers 
tsy Setup time, data before clock (see Figure 3) Pee ae. 
th Hold time, data after clock (see Figure 3) Saas 


1 0 is’ me ‘ SN65551, SN65552 —40 85 oC 
A perating free-air temperature SN75551, SN75552 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 


electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS | MIN = MAX _—|_=UNIT 
lO(otf) Off-state Q output current Vo = 200 V be 
VOH High-level output voltage lo = —100 pA Voc -1.5 


Q outputs loL_= 50 mA, See Figure 3 
VOL Low-level output voltage ste Sore Vv 


i Hghvevel put current Vi @Vec 


switching characteristics, VCC = 12 V, Ta = 25°C 


PARAMETER TEST CONDITIONS | MIN = MAX _| UNIT 
Propagation delay time, high-to-low 
tPHL 3 : . 200 
level serial output from clock : 
- - - Ci = 20 pF to ground, See Figure 7 
Propagation delay time, low-to-high 
tPLH ; ‘ 200 
level serial output from clock 


3 


Turn-on delay time, Q outputs lot = 50 mA, Strobe at Vcc, 


t 
dion) trom enable RL = 1.4 k@ to 100 V, See Figure 7 


si9aug Aejdsig 


RECOMMENDED OPERATING CONDITIONS 


INPUT VOLTAGE LOGIC-LEVEL LIMITS MAXIMUM ON-STATE Q OUTPUT CURRENT 
; vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Duty Cycle < 1% 
Ta =25°C 


Vi—Input Voltage—V 
Maximum On-State Q Output Current—mA 


Vcc—Supply Voltage—V Vcc—Supply Voltage—V 


FIGURE 1 FIGURE 2 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 


TYPICAL CHARACTERISTICS 
ON-STATE Q OUTPUT CURRENT OUTPUT SATURATION CURRENT 


vs vs 
OUTPUT VOLTAGE FREE-AIR TEMPERATURETt 


PF erie 
om 
i) 
ae 
Display Drivers Cy 


ae 
lg 


lo{sat)—Output Saturation Current—mA 
ee Ase oy 
pr Ge abe Ye Ee 

: 

5 

rf 

3 

ro) 

< 


10(on)—On-State Q Output Current—mA 


ae 

= 

50 ae 

. ibe eee 

is Bee ees 

A fae eee see <= 

Meee eee 

0 "40 200 20 40 6080100 
0 20 40 60 80 100 120 140 


Vo—Output Voltage—V Ta—Free-Air Temperature— C 
SOA = Safe Operating Area 


FIGURE 3 FIGURE 4 
t Data for temperatures below O°C and above 70°C apply only for SN65551 and SN65552. 
PS ee NA tS A NI I ST PA EE SEL Es EES LEE IS AE OE NETL BM LTE WEEE LINES DS SERS SRLS, Be ELI SIO NL IN GALA EDEL EAS LOD LIES LEONE SEL) 


PARAMETER MEASUREMENT INFORMATION 


aera. 
| | VIH 
| \ 
CLOCK 50% 50% 50% 
1 | 
| VIL 
1 
Wh yy 
}¢— tsu—}¢-— th—> 


wen OXKKX me KKK) 


FIGURE 5. INPUT TIMING VOLTAGE WAVEFORMS 
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SN65551, SN65552, SN75551, SN75552 
ELECTROLUMINESCENT ROW DRIVER 
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PARAMETER MEASUREMENT INFORMATION 


| omar. ae rere Get — VOH 
SERIAL OUT 50% 50% 
VOL 


FIGURE 6. VOLTAGE WAVEFORMS, SERIAL OUTPUT 


arn set heel em eer “Sova eirence ViH 
ENABLE 50% 
V 
| IL 
“gi eoulaea Peres $8 
Q OUTPUT | | 
VOL 


FIGURE 7. VOLTAGE WAVEFORMS, Q OUTPUT 
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SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 


D2744, APRIL 1986 


@ Each Device Drives 32 Electrodes SN55553 .. . FD PACKAGE 


. = TOP VIEW 

® 60-V Output Voltage Swing Capability i ’ 
NOFTWMWOR ODO N 
@ 15-mA Output Source and Sink Current GS00000000 o > 
Capability ce sp as jo fy ce ep ep es | we 
6 5 4 3 2 1 4443424140 


® High-Speed Serially-Shifted Data Input Q111]7 39[} 023 
Q101j8 38{} O24 


® Totem-Pole Outputs 


Qgj9 37(] a25 
® Latches on All Driver Outputs a8{]10 36(] 926 3 
Q7 35|] Q27 
description o6f] 12 341] Q28 
The SN55553 and SN55554 are monolithic 8 33 029 = 
BIDFETt integrated circuits designed to drive the G's 324 a30 > 
column electrodes of an electroluminescent Q3 314 031 Oo 
display. The SN55554 output sequence has Q2}16 304 Q32 
been reversed from the SN55553 for ease in ai? 29 NC ms 
printed circuit board layout. a re 
The devices consist of a 32-bit shift register, 32 S2SS3S5SH85 = = ra 
latches, and 32 output AND gates. Serial data = G9 S = S < < 
is entered into the shift register on the low-to- = . Ww = Ww 
high transition of the clock input. When high, the 2 eS Zs 
Latch Enable input transfers the shift register iz e 
contents to the outputs of the 32 latches. When aut 
Output Enable is high, all Q outputs are enabled. 
Serial data output from the shift register may be SN55554 ... . FD PACKAGE 
used to cascade shift registers. This output is not (TOP VIEW) 
affected by the Latch Enable or Output Enable ote ie is ca ee 
inputs. G000GG00d0R0 
The SN55553 and SN55554 are characterized 
for operation over the full military temperature 022117 39[] a10 
range of —55°C to 125°C. Q231)8 38[{} a9 
Q24{}9 37(] Q8 
Q25 |) 10 36] Q7 
Q26{)11 35] O6 
Q27 [J 12 34{] Q5 
Q28 [J 13 33{] 04 
Q29 |) 14 32 a3 
Q30J15 31 Q2 
Q31 [J 16 30] Q1 
Q32{]17 29 NC 
8 6 27 28 
beeexenguzs 
fe) 99 O00R <«4e 
2 go ees 
< Win w 
i 5 5 
1/2] KE oO 
$.5 
O 
NC—No internal connection 
TBIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip — patented process. 
PRODUCTION DATA documents contain information 7 Copyright © 1986, Texas Instruments Incorporated 
reenicas tar Ga eee Teaes ionicomanes TEXAS vig 
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SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 


logic symbolst 


SN55553 SN55554 


CMOS/EL DISP CMOS/EL DISP 


OUTPUT ENABLE 
LATCH ENABLE 


OUTPUT ENABLE 
LATCH ENABLE 


CLOCK 


DATA IN 


si9Aug Aejdsig Hes) 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


logic diagram (positive logic) 
OUTPUT ENABLE 


LATCH ENABLE 


R1 
CLOCK Epes 3. Q1 
ok eee 
ae LATCHES i ee Es ae 
sanreeeh ° 28 OUTPUTS 
e (Q3 THRU O30) 
mete ® NOT SHOWN 


f A ge: "ato 
8 ee 


Re SERIAL DATA OUT 
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SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 


FUNCTION TABLE 


OUTPUTS 


CONTROL INPUTS 
FUNCTION LATCH UTPUT 
veel S ¥ SERIAL Q1 THRU 032 
CLOCK | ENABLE ENABLE 
T Determined by R32 Determined by 
No change Latch Enable*+ R32 | Output Enable 


X 
Xx Xx 
X H X As determined above | New data R32 Output Enable 
OUTPUT X Xx L As determined above | Determined by R32 |AIL 
X Xx Latch Enablet LC1 thru LC32, respectively 
H = high level, L = low level, X = irrelevant, T = low-to-high-level transition. 
TR32 and the serial output take on the state of R31, R31 takes on the state of R30,. . .R2 takes on the state of R1, and R1 takes 


on the state of the data input. 
+New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 


LATCHES 
LC1 THRU LC32 


SHIFT REGISTER 
R1 THRU R32 


Load and shift! 


typical operating sequence 


DATA IN | VALID | IRRELEVANT 
SR CONTENTS INVALID | VALID 


LATCH ENABLE | | 


LATCH CONTENTS PREVIOUSLY STORED DATA | NEW DATA VALID 
OUTPUT ENABLE l rae 
Q OUTPUTS [ vauio_| 


schematic of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 
Vec1 Vcc2 Vcec1 


OUTPUT OUTPUT 


3 
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SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Baetiy FORGOT, VCR tReet VE] os Se Sc EE eeal oe se ae we Rd Ae ee a 18 V 
ee ee i re se ot ede. Se. vip pO Uk vie gn Ripe ee ne ed ieate ag eee ak 7OV 
UTE ROTEOUIO! Sos sok ae a ere wee ee iis, ee AUR Dee a Stew ap aa Ra Voc. + 0.3 V 
CO OT eet AEST Dl ae eaten nanan Ars SaPir irate serners yes gree byte eOr “eth tse me a Aer aay ae 700 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1825 mW 
Minimum’ operating. free-air temperatura... .-.. 0. el. a cn sees Dele —§5°C 
Soret Oe Te TG v5 Sor ig a a aie! Vie Ce eo ae cg Che lca Seren s a ee ee 125°C 
3 Storage temperature range ............... Sa Data Bia rece ee te BTA ae ee —65°C to.150°C 
salam TMOG AtUICe fOr BOGONGS fase ev sao ase fs Ca Ga at ae as 0 TR ee ce 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 14.6 mW/°C. 


recommended operating conditions 


ee Se ee eS 
ee whi ey 


folock Clock frequency, Ta = 25°C 


o 
o 
A 
o 
“< 
o 
< 
® 
o 


tw(CLK) Clock pulse duration, high or low, Ta = 25°C 


electrical characteristics over recommended operating temperature range, VCC1 = 12 V, 
Vcc2 = 60 V 


PARAMETER TEST CONDITIONS 


io = 15 mA 
VoH High-level output voltage . : 9 
Serial output 
V Low-level output volt ee 
ow-level output voltage 
OL P 3 Serial output 


iH High-level input current 
Ne Low-level input current 
lcc1 Supply current, Vcc1 


Outputs high 


lcc2 Supply current, Vcc2 Ountiie fase 
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SN55553, SN55554 
ELECTROLUMINESCENT COLUMN DRIVERS 


switching characteristics, VCC1 = 12 V, Vcc2 = 60 V, Tc = 25°C 


[-—PaRAMETER | TEST CONDITIONS [WIN Max] v 
CL = 45 pF to ground, 

See Figures 1 and 2 
CL = 45 pF to ground, 


tdHL Delay time, LE to Q output! See Figures 1 and 3 


PARAMETER MEASUREMENT INFORMATION 


OO 


OUTPUT TEST POINT 


eT oe = 45 pF 


FIGURE 1. OUTPUT LOAD CIRCUIT 


}¢—_———twic.x) ——— 9} 
p= Mi 
CLOCK 50% eRe. 

IL 

ke —— twicix ——e—— th —— 

je—tsu—9] | 
VIH 

DATA IN 50% | VALID 


no 
ew 
o 
2 
Qa 
~~ 
& 
a 
aL) 
a) 


VIL 
| ‘ 
aT i NR 
—————-—— Vv 

SERIAL OUT WAVEFORM 1 l 90% on 

(see Note A) VoL 
tdLH————> 

SERIAL OUT WAVEFORM 2 | VOH 

(see Note B) ~10% Sag Le Fa 


FIGURE 2. VOLTAGE WAVEFORMS FOR SERIAL OUTPUT 


OUTPUT ENABLE 


LATCH ENABLE 


ei Ho VOH 
Q OUTPUT (see Note C) le ae hs eae mee ee Vv 
ee OL 


Saabs acct 2" ae VOH 
N D) | — 
Q OUTPUT (see Note 

Je ta ——> VOL 


FIGURE 3. VOLTAGE WAVEFORMS FOR Q OUTPUTS 


NOTES: A. Waveform 1 is for internal conditions such that a low is clocked into R32. 
B. Waveform 2 is for internal conditions such that a high is clocked into R32. 
C. To measure tg H, initially a low is stored in the latch and a high is stored in the shift register. 
D. To measure tg} , initially a high is stored in the latch and a low is stored in the shift register. 
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Each Device Drives 32 Electrodes 
60-V Output Voltage Swing Capability 


15-mA Output Source and Sink Current 
Capability 


High-Speed Serially-Shifted Data Input 
Totem-Pole Outputs 


Latches on All Driver Outputs 


description 


The SN65553, SN65554, SN75553, and 
SN75554 are monolithic BIDFETT integrated 
circuits designed to drive the column electrodes 
of an electroluminescent display. The SN65554 
and SN75554 output sequence has been 
reversed from the SN65553 and SN75553 for 
ease in printed circuit board layout. 


The devices consist of a 32-bit shift register, 32 
latches, and 32 output AND gates. Serial data 
is entered into the shift register on the low-to- 
high transition of the clock input. When high, the 
Latch Enable input transfers the shift register 
contents to the outputs of the 32 latches. When 
Output Enable is high, all Q outputs are enabled. 
Serial data output from the shift register may be 
used to cascade shift registers. This output is not 
affected by the Latch Enable or Output Enable 
inputs. 


The SN65553 and SN65554 are characterized 
for operation from -—40°C to 85°C. The 
SN75553 and SN75554 are characterized for 
operation from O°C to 70°C. 
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DUAL-IN-LINE PLASTIC PACKAGE 


(TOP VIEW) 


SN65553, SN75553 


Q17 
Q16 
Q15 
Q14 
Q13 
Q12 
Q11 
Q10 
Qg 

Q8 

Q7 

Q6 

Q5 

Q4 

Q3 

Q2 

Q1 
SERIAL OUT 
CLOCK 
GND 


Q18 

Q19 

Q20 

Q21 

Q22 

Q23 

Q24 

Q25 

Q26 

Q27 

Q28 

Q29 

Q30 

Q31 

Q32 

OUTPUT ENABLE 
DATA IN 
LATCH ENABLE 


Vcc1 
Vcc2 


FN PLASTIC CHIP CARRIER PACKAGE 
(TOP VIEW) 
SN65553, SN75553 


_ 
© 


39|}| Q23 
38 || Q24 
37|} Q25 
36[} Q26 
35{] Q27 
34|} Q28 
33{] Q29 
32(} Q30 
31{] Q31 
30} Q32 
29U NC 


o 
NR 
~ 
NR 
co 


TBIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip — patented process. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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NC—No internal connection 
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SN65553, SN65554, SN75553, SN75554 
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N FN PLASTIC CHIP CARRIER PACKAGE 
DUAL-IN-LINE PLASTIC PACKAGE (TOP VIEW) 
(TOP VIEW) SN65554, SN75554 
SN65554, SN75554 <QoonoNtTMAH 
016 (11 Uaoh> ais CSS eS Se 
Q17 Lj2 Q14 > 1 4443424140 


Q18 Lj3 Q13 Q2217 39{] Q10 

Q19 L}4 Q12 0231/8 38[} a9 
Q20 LJ5 Q11 Qa2419 37{}| Q8 
3 Q21 Lj6 Q10 Q25 36|] Q7 
Q22 L]}7 Qg Q26 1] 11 35|] Q6 
; Oo 023 Ljs a8 Q27 34[(] O5 
a 024 (jg Q7 Q28 [J 13 33{] 04 
od Q25 Q6 a29{]14 32[] 03 
be 026 (11 Os 030 []15 31(}a2 
Q27 Lj12 Q4 Q31 [}16 30{j Q1 
o Q28 LJ13 Q3 Q32 [17 29\}NC 

< a29 14 Q2 8 6 27 28 

x a30 C15 Q1 

031 (J16 OUTPUT ENABLE a2 F. 7eS Somme 

032 (17 DATA IN < a >>SS5 

SERIAL OUT (18 LATCH ENABLE q iets 

CLOCK Vcc1 ss er x 

GND LJ20 Vcc2 < cS = 

NC—No internal connection. 
logic symbolst 
SN65553, SN75553 SN65554, SN75554 


CMOS/EL DISP 


CMOS/EL DISP 


2 Ca EE 


ion 
(18 cen 
SERIAL OUT 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for N packages. 
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| SN65553, SN65554, SN75553, SN75554 
3 | ELECTROLUMINESCENT COLUMN DRIVERS 


logic diagram (positive logic) 
| OUTPUT ENABLE 
LATCH ENABLE 


SHIFT 
REGISTER 


DATA IN 
CLOCK 


28 STAGES 
(Q3 THRU Q30) 
NOT SHOWN 


SERIAL OUT 


FUNCTION TABLE 


CONTROL INPUTS OUTPUTS 
SHIFT REGISTER LATCHES 


FUNCTION LATCH OUTPUT 
eae CLOCK R1 THRU R32 LC1 THRU LC32 | SERIAL Q1 THRU Q32 
ENABLE ENABLE 
t 


As determined above} Stored data 
As determined above} New data 
As determined above | Determined by All L 
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Display Drivers 


As determined above} Latch Enable+ LC1 thru LC32, respectively 


H = high level, L = low level, X = irrelevant, T = low-to-high-level transition. 

1R32 and the serial output take on the state of R31, R31 takes on the state of R30,. . .R2 takes on the state of R1, and R1 takes 
on the state of the data input. 

+New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
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typical operating sequence 


eee 
DATA IN VALID IRRELEVANT 
SR CONTENTS INVALID | VALID 


LATCH ENABLE . | 


3 


Uo 
77) 
tees LATCH 
o CONTENTS PREVIOUSLY STORED DATA NEW DATA VALID 
< 
Uo OUTPUT 3 
oats ENABLE | | 
= N 
@ 
@ 
Q OUTPUTS [ vauo | 
schematic of inputs and outputs 
EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 
Vcc1 
OUTPUT 
Ti 4 
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SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 


STIR aS RSA EE LE DTS USPS HS A gS DE BA SRE Dy TLE ROLE ELS ELLIE SEPSIS GBI POOLED BERLE IN BLE EAE EG 5 IEEE EEE NORE SVE VELL EE GPG EE. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUD Ons COICO, aoe 1800 Tien ior a ot a hg eee ee gk ae ee ee 18 V 
RANESLPEY RCE A OE oN gs San Gs ay Se Ae ie Ey Pe FO a 70 V 
POA PR nce Sig 4a ac dae 2 Seereilpsa a 2 EEG a eeu aters see oe oe eee ee ee Vecy + Ov 
OPT Be dr sR BRI Maier hg Ralphs Cn, naan” ech en, 7S N Ue ee ROR ESM Naat aOR EO 3 5 elles es 700 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
aod ES Sa Rts Meee er a Oar re te BO be inl ag ae er Gare iG VR tt re 1700 mW 
Pi SIUM IO 0g: axa tin es. x Say 3 Bee Pees AS ee eet ood HERERO Ou ee 1250 mW 
Operating free-air temperature range: SN65553, SN65554 .................. — 40°C to 85°C 
WP eras Oe. va. svc atone nce ow ee ab 0O°C to 707G 
Shae ADIGE TANI FIO 05 os. os fcoaeopnarere PN Hie ad GORD Robie Sib esate —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 26025 
Case temperature FOI Tu SOO GNA. Fb TIO OII nek be Fis Sue is ae Ye ee tee eed ee 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the N package, use 
the 10.0-mW/°C curve for these devices. 


recommended operating conditions 


Supply voltage, Vcc] 10.8 12 15 


Veci = 10.8 V 8.1 1 ee 
High-level input voitage, Vj (see Figure 1) V 
Veci = 15 V 11.25 15.3 


; Veci = 10.8 V -0.3 rae 
Low-level input voltage, Vj, (see Figure 1) V 
Vcc1 = 15 V —0.3 3.75 


Low-level output current, IO. 


Output clamp current, Iox 


Clock frequency, foligck 


[Pulse duration, clock high row: wea Wee Faure) SSCSCSC~dCiSSCid 
PR 
[Bate setup tne before cock Tu ee Fgwe 2) —SSSSCSCSCS~C~iCOid 
[Bata hold tine afer dock th see Faure 2) SSSSCSC—~dSC8 
SN65553, SN65554 - 


SN75553, SN75554 te) 70 


electrical characteristics over recommended ranges of VCC:1 and operating free-air temperature, 
Vcc2 = 60 V (unless otherwise noted) 


Operating free-air temperature, Ta 


VOH High-level output voltage 
VOL Low-level output voltage 


| = 


rei alot id 
co er el ee Peres ee Sd 


SN65553, SN65554 
Icc2 Supply current from VCC2 aysee53. SN75554 
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| SN65553, SN65554, SN75553, SN75554_~ 
| ELECTROLUMINESCENT COLUMN DRIVERS - 


switching characteristics, Vcc1 = 12 V. Vcc2 = 60 V, Ta = 25°C 
[PARAMETER ———~«Y._TeST CONDITIONS| MIN MAX_[ UNIT] 


Propagation delay time, high-to-low-level 


t 
oe Serial output from Clock Ci = 20 pF to ground, 


Propagation delay time, low-to-high-level See Figure 3 | 


*PLH Serial output from Clock 
Bots Delay time, high-to-low-level Ci = 20 pF to ground, Pip ee ce 
Q output from Latch Enable See Figure 4 
iva Delay time, low-to-high-level Cy = 20 pF to ground, 
Q output from Latch Enable See Figure 4 


RECOMMENDED OPERATION CONDITIONS 


3 


INPUT VOLTAGE LOGIC-LEVEL LIMITS 
vs 
SUPPLY VOLTAGE Vcc} 


si9Auig Aejdsig 


V;—Input Voltage—V 


Vcc—Supply Voltage—V 
FIGURE 1 


3-106 TEXAS 4% 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN65553, SN65554, SN75553, SN75554 
ELECTROLUMINESCENT COLUMN DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


k¢——— tw(CLK) ——> 


! ! 
enw ViH 
| 1 
CLOCK 50% 50% 50% 
| 
ViL 


| 
fennel 


ome 
| 


oo XXX = XD” 


FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 
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| 

| 

| VOH 
SERIAL OUTPUT 

| 50% 

| £3 Ree melas | Posai ccge' esag ute sees Sale cee ares — VOL 


SERIAL OUTPUT 


VOL 


FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY 
CLOCK TO SERIAL OUTPUT 


“minster agikwatles ViH 
LATCH ENABLE 50% 50% 
j-—twite) —>| Vit 
| 
leo} toLH Vv 
OH 
C4 
Q OUTPUT 14 
10% y 
——--—--—--—--—---—-- - OL 
| 
| 
ae ee ee ae a VOH 
90% : 
ay 
Q OUTPUT m4 
VOL 
leo tout 


FIGURE 4. VOLTAGE WAVEFORMS FOR DELAY TIMES, 
LATCH ENABLE TO Q OUTPUTS 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


®@ Each Device Drives 32 Electrodes 


@ 90-V Output Voltage Swing Capability 
Using Ramped Supply 


@ 15-mA Output Source and Sink Current 
Capability 


® High-Speed Serially-Shifted Data Input 
® Totem-Pole Outputs 
@ Latches on All Driver Outputs 


description 


The SN65555, SN65556, and SN75556 are 
monolithic BIDFETT integrated circuits designed 
to drive the column electrodes of an electro- 
luminescent display. The SN65556 and 
SN75556 output sequence has been reversed 
from the SN65555 and SN75555 for ease in 
printed circuit board layout. 


The devices consist of a 32-bit shift register, 32 
latches, and 32 output AND gates. Serial data 
is entered into the shift register on the low-to- 
high transition of the clock input. When high, the 
Latch Enable input transfers the shift register 
contents to the outputs of the 32 latches. When 
Output Enable is high, all Q outputs are enabled. 
Data must be loaded into the latches and Output 
Enable must be high before supply voltage VCC2 
is ramped up. 


Serial data output from the shift register may be 
used to cascade shift registers. This output is not 
affected by the Latch Enable or Output Enable 
inputs. 


The SN65555 and SN65556 are characterized 
for operation from -—40°C to 85°C. The 
SN75555 and SN75556 are characterized for 
operation from O°C to 70°C. 


SN65555, SN65556, SN75555, SN75556 


ELECTROLUMINESCENT COLUMN DRIVER 


SERIAL OUT 
CLOCK 


SN65555, SN75555 
N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


a17 141 Ua ais 


a16 (2 Q19 
a15 (43 Q20 
a14 (44 Q21 
013 (js Q22 
o12 Cle Q23 
o11 (7 Q24 
ai0 (Js Q25 

ag (je Q26 

as (10 Q27 

Q7 LJ11 Q28 

Q6 Q29 

Q5 Q30 

04 Q31 

a3 Q32 

Q2 OUTPUT ENABLE 

Q1 DATA IN 


LATCH ENABLE 


VCC1 


GND Vcc2 


SN65555, SN75555 


FN PLASTIC CHIP CARRIER PACKAGE 


Q11{)7 
Q108 
ag{j9 
Qs [J 10 
Q7 {11 
a6 12 
Q5j13 
Q4 
a3 {j15 
O21j16 
Q1U17 


N 
Oo 
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SERIAL OUT ff 


18 19 20212 


(TOP VIEW) 
OrTWNOrRnDHDO—N 
CS SOS OS OC NNN 
O0O00C0C 0000 OC 
5 43 2 1 4443424140 


39{JQ23 
38(}Q24 
37{JQ25 
36|}Q26 
35{]Q27 
34|] 028 
33{}Q29 
32(}Q30 
31(}Q31 
30} 032 
29LINC 


2 2324 2526 27 28 


vows Freee SecGen | see Paes Fo kh ss 

CONS sat) CN ee oe a 
O00 OVE dc 

a > SE SS 

co =aqez 

wn w 

5. OCS 

e ¢ 

3S 
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NC—No internal connection 
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SN65556, SN75556 
N DUAL-IN-LINE PACKAGE 


SN65556, SN75556 
FN PLASTIC CHIP CARRIER PACKAGE 


(TOP VIEW) (TOP VIEW) 
016 Q15 _ 32 ee 
Q17 a14 
Q18 Q13 6 5 43 2 1 4443424140 
Q19 Q12 0221]? 39[] Q10 
Q20 Q11 Q23)8 38|} Q9 
Q21 010 Q24|)9 37[|| Q8 
3 Q22 a9 Q25 36[] Q7 
Q23 as Q26{j11 35[] Q6 
oO Q24 Q7 Q27 {J 12 34[] Q5 
no Q25 Q6 Q28 13 33[] 04 
pos Q26 Q5 a29f]14 32[} a3 
& Q27 04 a30])15 31{}a2 
3 Q28 Q3 Q31 [16 30 a1 
U Q29 Q2 Q32 29 NC 
< Q30 Q1 18 19 20212 2526 27 28 
4 Q31 OUTPUT ENABLE 
” 032 DATA IN 677768 30aaa 
SERIAL OUT []18 LATCH ENABLE 2 Be Ree 
GND Lj20 Vcc2 ” eco 
g° 2 


NC —No internal connection 


logic symbolst 


Vcc2 


SN65555, SN75555 


CMOS/EL DISP 
[PWR Q1-32] 


SN65556, SN75556 


CMOS/EL DISP 
[PWR Q1-32] 


(25) 
(23) 


OUTPUT ENABLE 
LATCH ENABLE 


EN3 


CLOCK = 


DATA IN 


Q31 


SERIAL OUT 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for N packages. 
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SN65555, SN65556, SN75555, SN75556 
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logic diagram (positive logic) 


Voce 


OUTPUT 


woe icine OUTPUT 


LATCH BUFFERS 
ENABLE aaa! : 


REGISTER LATCHES 
DATA IN 


3 


LC1 pe) Q1 


2 =f : 


CLOCK 


ails 


28 STAGES 
(Q3 THRU Q30) 
NOT SHOWN 
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Q32 


SERIAL OUT 


FUNCTION TABLE 


SHIFT REGISTER LATCHES OUTPUTS 
FUNCTION 
R1 THRU R32 LC1 THRU LC32 SERIAL Q1 THRU Q32 
CLOCK 

ore t Load and shift! Determined by Latch Enable*}] R32 | Determined by Output Enable 
Not Xx No change Determined by Latch Enable*+} R32 | Determined by Output Enable 
As determined above] Stored data R32 | Determined by Output Enable 
As determined above|New data R32 | Determined by Output Enable 


t 
As determined above | Determined by Latch Enable*+] R32 | All L 
H As determined above | Determined by Latch Enable*] R32 | LC1 thru LC32, respectively 


H = high level, L = low level, X = irrelevant, | = low-to-high-level transition. 

TR32 and the serial output take on the state of R31, R31 takes on the state of R30,. . .R2 takes on the state of R1, and R1 takes on 
the state of the data input. 

+New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
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typical operating sequence 


eee 
DATA IN VALID IRRELEVANT 


SR CONTENTS INVALID | VALID 


LATCH ENABLE | 


LATCH PREVIOUSLY STORED DATA | NEW DATA VALID 
CONTENTS 
OUTPUT 
ENABLE 
Vcc2 Me ees PEPIN Se BE Ne 


schematic of inputs and outputs 


3 
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EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 


OUTPUT 
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$NG5555, SN65556, SN75555, SN75556 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage caters: tsa Note) ni s5 es se ies EA See he be ee 18 V 
Sunbivpiene Wier (866 NOG ek tite feds aca eee oy Vos Soe hos A PA ke oe See 90 V 
en Re eg ent aS RNS aes Seek eo hee es tga i eae a Vccy +.03% 
a a RE oo 00 ook an ed EE sed EES PART ew a es 700 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
(UE eo a ae teagan eis GB, OT nb ee SURE ed th agg dade She ae atalea 1250 mW 
PRE Sy a as as ght ce eet ne a ae ee vey owe ha land cd ie eee ee ee 1700 mW 
Operating free-air temperature range: SN65555, SN65556 ................... — 40°C to 85°C 3 
SI ty, ON A chp ch arcane Won. sr ae bone ae O°C to. 769° 
Btorgne Temmare ttre VONie — 5555-5 so ccelep Gg es RS VPS pee eas pd oa aa —-65°C to 150°C 
Case tampa ature tar tO SoCONGd: £M DOCKOOS. 6255 wwe en eka te en kiee every eae awe eS 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. These devices have been designed to be used in applications in which the high-voltage supply, VccQ, is switched to ground 
before changing the state of the outputs. 
3. For operation above 25°C free-air temperature, derate the N package at the rate of 10 mW/°C and the FN package at the 
rate of 13.6 mW/°C. 


2 
© 
a 
ae 
QO 
> 
= 
a. 
= 
a) 


recommended operating conditions 


Vcc! Supply voltage 10.8 12 15 
Vcec2 Supply voltage 


; [ Veci1 = 10.8 V 
ViH High-level input voltage (see Figure 1) 
| ¥VeCt.= to -¥ 
; Vec1 = 10.8 V | 
VIL Low-level input voltage (see Figure 1) 
Vceci = 15 V 


Mire 
tw(LE) Pulse duration, latch enable (see Figure 4) 
: 
Setup time ; 
Output enable before Vcct (see Figure 4) 
Data after clock fT (see Figure 2) 
Output enable after Vcct (see Figure 4) 
dv/dt Rate of rise for Vcc2 (see Figure 4) 


‘ . SN65555, SN65556 —40 
TA Operating free-air temperature 


SN75555, SN75556 6) 


th Hold time 


tThe algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic 
voltage levels. 
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SN65555, SN65556, SN75555, SN75556° 
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electrical characteristics over recommended operating free-air temperature range, VCC1 = 12 V, 
Vcc2 = 80 V 


PARAMETER TEST CONDITIONS 
V High-level output volt Rule Le ee V 
ign-ieve utput voitage 
va i : : lo = — 100 pA 
VI 


gee termine, ape ate 
VOL Low-level output voltage - 

it AO | eT 
id High-level input curren REO LBS SES ANTS OS 


i,______Low-level input current 
icci Supply current from Voc Poise ee 
icc2___ Supply current from Voc pe ey a eat 


switching characteristics, VcCc1 = 12 V, TA = 25°C 


PARAMETER TEST CONDITIONS 


Propagation delay time, high-to-low-level 
Serial output from Clock 


tPHL 


CL = 20 pF to ground, Vcc2 = 0, 


Propagation delay time, low-to-high-level See Figure 3 


t 
PLH Serial output from Clock 


t Delay time, V to Q output sapped Aida, 
ela ime, 18) outputs 
d : CC2 7 See Figure 4 


RECOMMENDED OPERATION CONDITIONS 


INPUT VOLTAGE LOGIC-LEVEL LIMITS 
Vs 
SUPPLY VOLTAGE Vcc} 


V;i—Input Voltage—V 


Vcc—Supply Voltage—V 
FIGURE 1 
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PARAMETER MEASUREMENT INFORMATION 
‘Saab es 
| 


CLOCK 50% 


VIL 
}—tw(CLK) ——_ 


oo —>| 


th 
| | 
VALID 


FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 
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VIH 


DATA IN 


VIL 


i?) 
rr 
Oo 
i?) 
A 
g 
4 
l 
§ 
i - e 
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SERIAL OUTPUT 


SERIAL OUTPUT 50% 
VOL 


FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY 
CLOCK TO SERIAL OUTPUT 


OUTPUT 50% 50% 
ENABLE 


Vcc2 


tim le 7 


Q OUTPUT yest 
10% VOL 


FIGURE 4. VOLTAGE WAVEFORMS FOR DELAY TIMES, LATCH ENABLE TO Q OUTPUTS 
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D2999, DECEMBER 1985 


Each Device Drives 32 Electrodes SN65557, SN75557 .. . FN PACKAGE 


: TOP VIEW 
@ High-Voltage Open-Collector N-P-N Outputs aw = neg ‘ on 
Using Ramped Supply S055 50505008 
300-mA Output Current Capability 
NC f)7 39[] NC 


CMOS-Compatible Inputs 0228 


Very Low Steady-State Power Consumption Q231}9 


Q241]10 36[] Q9 

description a25f}11 35[| 08 3 
Q26 {j12 34[] Q7 
These devices are monolithic BIDFETt integrated 0271113 33[] 06 
circuits designed to drive the row electrodes of Q28[]14 34] 05 
an electroluminescent display. All inputs are Q29 31 [| Q4 
Q30]) 16 30 Q3 


CMOS-compatible and all outputs are high- 


voltage open-collector n-p-n transistors. The Q31}J17 


Display Drivers 


SN65558 and SN75558 output sequences have a ee ort eh A ae 

been reversed from the SN65557 and SN75557 aos ef S208 295 

for ease in printed circuit board layout. o = Lees 
Zoos a 4 

The devices consist of a 32-bit shift register, 32 SH. 2a 

AND gates, and 32 output OR gates. Typically, a " 

a composite row drive signal is externally = 

generated by a high-voltage switching circuit and om 

applied to the Substrate Common terminal. Serial 5 

data is entered into the shift register on the high- , 

to-low transition of the clock input. A high Enable SN65558, SN75558 . . . FN PACKAGE 

input allows those outputs with a high in their (TOP VIEW) 


associated register to be turned on causing the 


N ce) 
corresponding row to be connected to the 9 
6 


P-O.0) << 
—. PS. ee er OREN 2G 
: , ; Goedgecods> 
composite row drive signal. When the Strobe Storrs 
input is low, all output transistors are turned on. ies 
The Serial output from the shift register may be 


ot wo 
O0°o 
5 4 3 


NC]? 39[] NC 


ape - " Q117]8 38 [|] Q22 

used to cascade additional devices. This output aiofhs 3711023 
is not affected by the Enable or Strobe inputs. a9 36[1024 
The SN65557 and SN65558 are characterized Q8})11 354 Q25 
for operation from -—40°C to 85°C. The ae i: i O26 
SN75557 and SN75558 are characterized for So B27 
a a5f}14 34[] 028 
operation from 0°C to 70°C. o4fis aT a0 
Q3 {J 16 30 Q30 


Q2{J17 


29|] 031 


N 
Oo 
N 


SERIAL OUT [ 
ENABLE {J 


NC—No internal connection 


T BIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip — patented process 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 


logic symbolst 


SN65557, SN75557 SN75558, SN75558 


CMOS/EL DISP 
{@ EMITTER SUPPLY] 


CMOS/EL DISP 


SUBSTRATE (23) [& EMITTER SUPPLY] 


SUBSTRATE (23) 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


functional block diagram (positive logic) 


SUBSTRATE 
COMMON 


STROBE 
ENABLE 


DATA IN 
CLOCK 


28 OUTPUTS 
(Q3 THRU Q30) 
NOT SHOWN 


SERIAL OUT 


4s 
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SN65557, SN65558. SN75557, SN75558 
- ELECTROLUMINESCENT ROW DRIVERS 


FUNCTION TABLE 


oe 
FUNCTION 
eee 
No ! Xx X No Change R32 | Determined by Enable and Strobe 
X H H As determined above {| R32 | Determined by R1 through R32 
R32 


H = high level, L = low level, X = irrelevant, | = high-to-low transition. 
tRegister R32 takes on the state of R31, R31 takes on the state of R30,. . .R2 takes on the state of R1, and R1 takes 
on the state of the data input. 


CONTROL INPUTS 


SHIFT REGISTERS 
R1 THRU R32 


3 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 


Display Drivers 


Vcc OUTPUT Vcc 


SUBSTRATE SUBSTRATE SUBSTRATE 
COMMON COMMON COMMON 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 


typical operating sequence 


suaaug Aejdsiq free 


DATA IN 


SNGS557, SN7S657)-.:° °° > peewwaa Se eS ViH 

ENABLE Rae oli aaa Pee ee SUBSTRATE COMMON 
SN65558, SN75558 ——-— VIH 

ENABLE ee eR ee eae rome SUBSTRATE COMMON 


RAMPED COMPOSITE ROW OV 
DRIVE APPLIED TO 
SUBSTRATE COMMON Soe eres S 


SN65557, SN75557 
Q1 OUTPUT 


SN65558, SN75558 
Q1 OUTPUT 


SN65557, SN75557 
Q2 OUTPUT 


SN65558, SN75558 
Q2 OUTPUT 


HV = High voltage 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


ailppe VOneOG. Ver (SOG NOG ty. iis acd oo ee oe eo ee OE PRA oes ee 18 V 
Off-state output voltage, VO(off) (see Note 2)........ 2.2... 0. eee EFC res 110 V 
TFRISEIT: OURO = 75S hp os on a ee pea Rp OE eg wens a hehe ae cee Vcc+0.3 V 
Substrate common terminal current (see Note 3) .......... 0... eee ee es 750 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): ...... 1700 mW 
Operating free-air temperature range: SN65557, SN65558 .................. — 40°C to 85°C 

Sot Fre Pe OG sn ew ee 0°C to 70°C 
Storage: fommieratute +enge © 52.0 5 nae ne a ee oe es Cae See ee ee —65°C to 15076 
Case-temnordiure Tor 1) BACORGG $< son aoe a Reed as wh the ree Oe se ke 260°C 


NOTES: 1. Voltage values are with respect to substrate common terminal. 
2. Data must be clocked into the shift register and Q outputs enabled prior to ramping substrate common to — HV (see typical 
operating sequence). 
3. Duty cycle is limited by package dissipation. 
4. For operation above 25°C free-air temperature, derate linearly to 1088 mW at the rate of 13.6 mW/°C. 


recommended operating conditions 


On-state Q output current, IQ(9n), duty cycle =< 1%, Vcc = 15 V 


Rate of rise for substrate common, dV/dt (see Figure 4) 


Pulse duration, clock high or low, tw ae. 
2 Data before clock! (see Figure 3) 50 
Setup time, tsgy 
Enable before substrate common}! (see Figure 4) 500 


TEST 
CONDITIONS 


Hold time, th, data after clock! (see Figure 3) 
electrical characteristics over recommended operating free-air temperature range, VCC = 12 V (unless 
otherwise noted) 
SN65557 SN75557 
SN65558 SN75558 UNIT 
VOH High-level output voltage = Serial outputs lo = —100 pA 10.5 10.5 
a Creare No See 


: : SN65557, SN65558 — 40 85 
Operating free-air temperature, Ta Es © 
SN75557, SN75558 O 70 
PARAMETER 
Twin MAX _|_MIN MAX 
iol = 300 mA 
VOL Low-level output voltage - V 
Ne Low-level input current 
Icc Supply current from Vcc 


: 
i 
Pee le ee 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 


switching characteristics, VCC = 12 V, TA = 25°C 


PARAMETER TEST CONDITIONS | MIN = MAX | UNIT 


ae Propagation delay time, high-to-low- 200 jms 
level serial output from clock Ci = 20 pF to substrate common 

ee Propagation delay time, low-to-high- (see Figure 4) a6 pons 
level serial output from clock 

aa Turn-on delay time, Q outputs dV/dt = 100 V/us, Strobe at Vcc, jms 
from enable RL = 2 kQ to 60 V (see Figure 4) 


3 


oO RECOMMENDED OPERATING CONDITIONS 
~” 
Oo 
> INPUT VOLTAGE LOGIC-LEVEL LIMITS 
< vs 
|") SUPPLY VOLTAGE 
< 
: saa 
" — 
3 
> 
s 
< 
| 
> 
Vcc—Supply Volitage—V 
FIGURE 1 
T 4 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


CLOCK 


KK— tsu—plqg— —>| 


th 
| | 
VALID 


FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 


VIH 


DATA IN 


VIL 


Se Seana ae se ioe 


Display Drivers. be 


CLOCK 50% 


DATA OUT 50% 


VOL 
FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY TIMES, CLOCK TO DATA OUT 


ViH 
ENABLE 


Ov 
SUBSTRATE 
COMMON 
-60 V 
OV 
Q OUTPUT 
VOL 


FIGURE 4. VOLTAGE WAVEFORMS FOR TURN ON DELAY TIME, 
SUBSTRATE COMMON TO O OUTPUT 


U 
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SN65557, SN65558, SN75557, SN75558 
ELECTROLUMINESCENT ROW DRIVERS 


TYPICAL CHARACTERISTICS 


ON-STATE Q OUTPUT CURRENT 
vs 
ON-STATE Q OUTPUT VOLTAGE 


susaug Aejdsig Fol 


On-State Q Output Current—mA 


On-State Q Output Voltage—V 
FIGURE 5 
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ADVANCE SN65559, SN65560, SN75559, SN75560 


INFORMATION ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 
D2947, APRIL 1986—REVISED OCTOBER 1986 
@ Controls 32 Electrodes SN65559, SN75559 
@ 80-V (Ramped VCC2) Totem-Pole Outputs ‘ aia 
@ Low CMOS Stand-By Power Consumption 
@ Energy Recovery System Compatible 
@ 15-mA Source and Sink Compatibility 
@ High-Speed Serially-Shifted Data Input 
description 3 


The SN65559, SN65560, SN75559, and 
SN75560 are monolithic BIDFETT integrated 
circuits designed to provide the serial-to-parallel 
conversion and level translation of data in a 
matrix-addressable electroluminescent display. 
The device inputs are diode-clamped CMOS 
inputs. The SN65560 and SN75560 output 
sequences are reversed from the SN65559 and 
SN75559 for ease in printed circuit board layout. 


2] 
Sane 
® 
2 
ro 
a) 
> 
= 
joe 
A 
a) 


These column drivers consist of a 32-bit static 
shift register, 32 latches, and 32 high-voltage 
outputs. Serial data is entered into the shift 
register on the low-to-high transition of the clock 
signal. A logic high signal on the Latch Enable 
input transfers the data from the shift register 


SN65559, SN75559 . . . FN PACKAGE 


to the latches while the VCC2 bus is low. Once ane 2 
stable in the latch circuits, the VCC2 rail is Oe eee ee ae ene ie a 

ramped up to allow the data to appear at the 

high-voltage outputs. By limiting VCC2 to a 6 5 4 3 2 1 4443424140 

maximum of 60 volts, these devices may be Q11f]7 39[J 23 


safely operated in a non-ramped VCC2 mode. Q10{) 8 38 [JQ24 
Drivers may be cascaded via the serial data a9f}9 37(fQ25 
output of the static shift register. This output is Q8{] 10 36 [|] Q26 
not affected by the Latch Enable input. Q7{)11 35[]Q27 
The SN65559 and SN65560 are characterized a6} '2 ; js bac 
for operation from -—-40°C to 85°C. The as}i13 Sse bea 

Q41]14 32|}Q30 


SN75559 and SN75560 are characterized for 


15 31[{]Q31 
operation from O°C to 70°C. O31 


Q21)16 301} Q32 
Q1}J}17 29]NC 


oOo 
N 
o 
Le] 
~ 
N 


=" 
e<) 
_ 
© 
Nh 
oO 
Nh 
ak 
N 
N 
N 
W 
N 
ie ¢) 


FOOLY ANKW2ZO 
oo bo oe a i a ee Be 
ro) O90 0VeC 
ie a oe ae 
S) =a 
< wo 
ao pa 
Ww ) 
” i 
< 
eet 


NC—No internal connection 


ADVANCE INFORMATION 


T BIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip—Patented Process 


ADVANCE INFORMATION documents contain . Copyright © 1986, Texas Instruments Incorporated 
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SN65559, SN65560, SN75559, SN75560 ADVANCE 


ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS INFORMATION 
SN65560, SN75560 SN65560, SN75560. . . FN PACKAGE 
N DUAL-IN-LINE PACKAGE (TOP VIEW) 
(TOP VIEW) —~Qo or omMmdt ON = 
NN ef wfrerrwrerete &= 
Q15 GCGd000CCCCCCO 
Q14 6 5 43 2 1 4443424140 
Q13 Q22f77 39[]Q10 
Q12 023118 38 []Q9 
Q11 a2419 37(}08 
3 Q10 Q2517]10 36 |} Q7 
Qg Q26{]11 35(}Q6 
Q8 0271] 12 34] 05 
“A Q7 028 []}13 33 [04 
7) Q6 0291114 32(] a3 
= 5 a30f]15 31 [|a2 
<< Q4 Q31 1) 16 30{j Q1 
7) Q3 Q32 |} 17 29UNC 
a Q2 18 6 27 28 
© rFOUOLOYXYANKW2ZO 
= NC ae eae 2 OO ie. 2 
” re) OO00E 
DATA IN ie a” >>Se 
LATCH ENABLE = wh 
Vcc1 a O 
Vcc2 < 
NC—No internal connection 
logic symbolst 
SN65559, SN75559 SN65560, SN75560 
CMOS/EL DISP CMOS/EL DISP 
Vc [PWR 01-032] Vcc2 [PWR 01-032] 
LATCH (23) LATCH (23) 
ENABLE ENABLE 
> (19) 
CLOCK CLOCK 
= DATA IN At Q1 DATA IN see Q1 
a Q2 Q2 
m Q17 Q15 
Pei= ne iol 
2 Q18 Q16 
O 
Q31 Q31 
a Q32 Q32 
= SERIAL OUT SERIAL OUT 
| TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
oO Pin numbers shown are for N packages. 
+ 4 
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ADVANCE | SN65559, SN65560, SN75559, SN75560 
INFORMATION ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 


FUNCTION TABLE 


SHIFT REGISTERS LATCHES OUTPUTS 


R1 THRU R32 LC1 THRU LC32 SERIAL | 
SERIAL Q1 THRU Q32 


; Stored data 
As determined above 
New data 


H = high level; L = low level; X = irrelevant; T = low-to-high-level transition 
T New data enters the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
+ R32 and the serial output take on the state of R31, R31 takes on the state of R30. . . R2 takes on the state of R1 and R11 takes 


R32+ : 
LC1 thru LC32 respectively 

R32 

R32 

R32 


LC1 thru LC32 respectively 


on the state of the data input. ” 
S 
logic diagram (positive logic) = 
an) 
Vv 
cc2 = 
LATCH = 
ENABLE 0 
SHIFT OUTPUT BUFFERS 5 
REGISTER LATCHES 
DATA IN 1D 
a | 
LC1 
CLOCK > C1 Q1 
cf a C2 
>c1 2D a2 
e e s : 
5 : e | 28 STAGES 
(Q3 THRU Q30) 


ADVANCE INFORMATION 
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SN65559, SN65560, SN75559, SN75560 ADVANCE 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS INFORMATION 


typical operating sequence 


eee 
DATA IN VALID IRRELEVANT 


SR CONTENTS INVALID | VALID 


3 


0 LATCH ENABLE | 
an 
y 4 
AY) LATCH PREVIOUSLY STORED DATA | NEW DATA VALID 
< CONTENTS 
Oo . 
= A 
< Vcc2 / \ 
1) 
=| 
” 
a ourPuts [vauo \ 
schematic of inputs and outputs 
EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 
Vcec1 
OUTPUT 
rT 
ne 
fe 
- 
T 4s 
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ADVANCE — | SN65559, SNG5560, SN75559, SN75560 
INFORMATION ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Site Mime. VEC 4 6G0- NGG Ey 4 oie tee ii Feat aos sae Sd ge ob eg ee eee 18 V 
RAEN OC One oa ak sO aca ae Sins ER eh Ce pd be EE 90 V 
EER EY agg nce es 6 EY a oe gone A a eS 2 PE Ee Vcec1+0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

Pe Se ras eo he ee i aa a 1250 mW 

Pn AS eo sc. ot Ve be Pa acs eck es 1700 mW 
Operating free-air temperature range: SN65559, SN65560 .................. -— 40°C to 85°C 

SNP GDGO SIPOOGOs wc ie a aces oe See 0°C 10°70°C 
Storage temperature: range + sae ese ee a ey eae ee -—65°C to 150°C 
Casé temperature tor: TO seconds: “FN -pacine io see ee ee oe ee oe 260 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260 °C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the N package linearly at the rate of 10 mW/°C and the FN package 
at the rate of 13.6 mW/°C. 


recommended operating conditions 


Supply voltage, Vcc1 10.8 12 15 
Supply voltage, Vcc2 


High-level input volt Vin ( Fi 1) Vec1 = 10.8 V 8.1 11.1 ; 
Iign- n oltage, Vip (see Figure 
agaist # : : : eee eee = 15V PE 1 15.3 


Low-level input voltage, Vj (see Figure 1) 25S ieee be Bes wad V 
ow-level input v ‘ r 
e el 2 Vcc1 = 15 V 0.3 3.75 


High-level @ output current, JOH 
Low-level Q output current, ToL 
@ output clamp current, lox 


Mectmmiiaad ofan | ewe ee ee 
Peuarcumton Seekhgh wong ee 
Hold time, data after clock T, th ee See 
Rae 


Rate of rise of Vcc, dv/dt (see Figure 4) 


: : SN65559, SN65560 —40 85 
Operating free-air temperature, Ta Sage TTT = = 


NOTE 3: Vcc2 must be ramped only when data within the latches is stable. 


V High-level output voltage - - CC2 OH V 
Serial output IoOH = 100 pA 


es or 
Soe ere io. = 18 mA Seren = 

-1e oitage 
sere is Saale jot = 100 4A seers 5 
iH High-level input current ViH_ = Vcc Cae SB 
ee geome 


lcc1 Supply current from Vcc1 Vi = Vec1 


ee Se ASS Ot 
CC2 Supply current from Vcec2 CC2 © Outputs high 


ADVANCAE INFORMATION 
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SN65559, SN65560, SN75559, SN75560 ADVANCE 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS INFORMATION 


switching characteristics, VcCc1 = 12 V, Vcc2 = 0. TA = 25°C 


FROM TO 
PARAMETER TEST CONDITIONS 
INPUT | OUTPUT 
t p tion delay.time, high-to-tow level. | Clock pele Chet eee 140 
ropagation deéia ime, | -To-iow lieve oc 
PHL se . a Out See Figure 3 
t Propagation delay time, low-to-high level |. Clock Seren ae ae = 1401) “ns 
r ion ace | 7 W-to-ni ve * 
PLH wah : ° x Out See Figure 3 


dv/dt = 80 V/us, 
td Delay time, Vcc2 to QO output Vcc2 Cy = 100 pF, 
See Figure 4 


a 


Oo 
a RECOMMENDED OPERATING CONDITIONS 
= INPUT VOLTAGE LOGIC-LEVEL LIMITS 
oO vs 
=. SUPPLY VOLTAGE Vcc1 
3 
“= 
~” 

> 

: 

g ie 

S 

> 

2 

£ 

s Maximum VIL 

0 cee 
2 10 11 12 13 14 15 
< Vcc1—Supply Voltage—V 
> FIGURE 1 
a 
©) 
> 
mri 
Za 
"Tl 
O 
= 
> 
— 
‘e) 
a 
4 
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ADVANCE SN65559, SN65560, SN75559, SN75560 
INFORMATION ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


kt— tw(CLK) —>I 


CLOCK 50% 50% 50% 
| | ViL 


| 
—— tw(CLK) ——>| 


— ts —Ple— 


th—> 
KOK = KEK” 


3 
FIGURE 2. INPUT TIMING VOLTAGE WAVEFORMS 


SERIAL OUTPUT 


SERIAL OUTPUT 50% 
VOL 


FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY CLOCK TO SERIAL OUTPUT 


ty = 0.8 us—>| je 
| os mat, a emmealima aa tines agaas 80 V 
Vcec2 1 
10% OV 
| 


—_ == a= a= a= aa == VOH 
Q OUTPUT |/ VALID 
10% 
VoL 


FIGURE 4. VOLTAGE WAVEFORMS FOR DELAY TIMES, LATCH ENABLE TO Q OUTPUTS 
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ADVANCE | SN65563, SN65564, SN75563, SN75564 
INFORMATION ELECTROLUMINESCENT ROW DRIVERS 


D2945, MAY 1986 REVISED NOVEMBER 1986 


Each Device Drives 34 Electrodes SN65563, SN75563 ... . FN PACKAGE 


@ Selectable Open-Source or Open-Drain (TOP: VIEW) 
OMtEys Sacer. eine 2 
0-0 000 0:0:0:0:0 
@ Outputs Rated at 225 V a fs J ee 9 em 9 9 eo 9 9 sg es gp 
6 5 4 3 2 1 4443424140 
@ +70-mA Output Current Capability Q23f)7 39/1 Q11 
@ CMOS-Compatible Inputs 024 1)8 38 Q10 
Q251]9 37|} Q9 
@ Very Low Steady-State Power Consumption Q26f]10 36[] Q8 3 
Oe Q27 7} 11 35{j Q7 
description Q28 [] 12 34(] Q6 
The SN65563, SN65564, SN75563, and ~~ : te 33] Q5 
SN75564 are monolithic BIDFETt integrated mie | 321] O4 2 
circuits designed to drive the row electrodes of aes Dia 314 Q3 = 
an electroluminescent display. All inputs are ae a 301 Q2 oo! 
CMOS compatible. If the Positive Write input is 29 Q1 ay 
high, the Q outputs act like open-source outputs eoVenVarVan¥anVerYesYos a 
and output data is not inverted with respect to s x ud * Do : Ww 2 ws a2) 
input data. If the Positive Write input is low, the oe) g o> > © rae © 9 Qa 
Q outputs act like open-drain outputs and output 220 S a 
data is inverted with respect to input data. The = > 5 
SN65564 and SN75564 output sequences have ” 
been reversed from the SN65563 and SN75563 Oo 


for ease in printed circuit board layout. 
; : SN65564, SN75564 .. . . FN PACKAGE 
Typically, composite VCC2 and ground signals (TOP VIEW) 


are externally generated by a high-voltage 


A : P : F . F orm on oo Oo _ 
switching circuit. Serial data is entered into the pA pee a s S > iS 
shift register on the high-to-low transition of the yr 

6 5 4 3 2 1 4443424140 


clock input. A high Enable input allows those 


outputs with a high in their associated register Q12{]7 39[] Q24 
to be turned on causing the corresponding row Q111j8 38[} Q25 
to be connected to Vcc2 when Positive Write Q10{}9 37(] Q26 
is high or to ground when Positive Write is low. Q9g {J} 10 36[j Q27 
The Serial Output from the shift register may be Q8 [11 35[}| Q28 
used to cascade additional devices. This output Q7 [Jj 12 34(] Q29 
_is not affected by the Enable or Positive Write Q6 33{] Q30 
inputs. Q5 {14 32(] Q31 
The SN65563 and SN65564 are characterized Re: ts = 2 


for operation over the full automotive operating 
Q2 {J17 29 34 
temperature range of —40°C to 85°C. The 


18 19 20 2122 2324 2526 27 28 
SN75563 and SN75564 are characterized for Sooo 
operation from O°C to 70°C. G5 30 MROE ES 
O%O>> 0 < 
a See 
mr 2 
” = 
D 
O 
oO 
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TBIDFET-Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip — Patented Process 
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SN65563, SN65564, SN75563, SN75564 ADVANCE 
ELECTROLUMINESCENT ROW DRIVERS INFORMATION 


LOAD FUNCTION TABLE 


CONTROL INPUTS 
FUNCTION POSITIVE 
WRITE 
LOAD : e - 
* Nol X Xx 


PUT 
SHIFT REGISTER rt Ad bs 


R1 THRU R34 SERIAL Q1 THRU Q34 
Load and Shift R34 Determined by Enable and Positive Write 
No Change R34 Determined by Enable and Positive Write 


T Register R34 takes on the state of R33, R33 takes on the state of R32, . . . R2 takes on the state of R1, R1 takes on the state of the 
data input. 


3 


OUTPUT CONTROL FUNCTION TABLE 


Oo CONTROL INPUTS pak aoe OUTPUTS 
7 FUNCTION sonlivie : 
TS CLOCK ware R1 THRU R34 SERIAL Q1 THRU 034 
eS (Determined Above) 
X L Xx X R34 High-impedance 
0 OUTPUT x H H R34 H 
< CONTROL Xx H L R34 L 
® X x x R34 High-Impedance 
” 
H = high, L = low, X = irrelevant, | = high-to-low transition 
logic symbols* 
SN65563, SN75563 SN65564, SN75564 
Vacs CMOS/EL DISP maw CMOS/EL DISP 
DRAIN SUPP © DRAIN SUPPLY 
Vcec2 | [S tv] Vcc2 ] [ ] 
Vss ] Vss ] 
te [ souURCE suPPLY] Vss [& source suppty ] 
ENABLE EN3 [OUTPUT ENABLE] ENABLE EN3 [OUTPUT ENABLE] 
POSITIVE POSITIVE 
WRITE EN2 [OUTPUT SELECT] WRITE EN2 [OUTPUT SELECT] 
CLOCK CLOCK 
DATA IN DATA IN 
rT 
Po 5 2 
O 
oo +These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
bass od 


wip 
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SN65563, SN65564, SN75563, SN75564 
ELECTROLUMINESCENT ROW DRIVERS 


logic diagram (positive logic) 


Vcc2 


POSITIVE 
WRITE 


ENABLE 


DATA IN 
CLOCK 


schematics of inputs and outputs 
EQUIVALENT OF EACH INPUT 


Vcc1 


TYPICAL OF ALL Q OUTPUTS 


Vcc2 


OUTPUT 


AB 
TEXAS 
INSTRUMENTS 
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aed 


. 31 STAGES 
° (Q3 THRU Q33) 
NOT SHOWN 


Q34 


SERIAL OUT 


SERIAL OUTPUT 


OUTPUT 


cee 4 
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SN65563, SN65564, SN75563, SN75564 ADVANCE 
ELECTROLUMINESCENT ROW DRIVERS INFORMATION 


typical operating sequence 


ViH 
CLOCK | 
RM tae ee ert ane Sark Vss 


DATA IN 


ENABLE 


POSITIVE WRITE CYCLE 


POSITIVE 
WRITE 


————— —-- +Hvt 
Vcc2 \ \ 
SYSTEM GND 


Vss SYSTEM GND 


FIRST 
OUTPUT 


oe ee ee ee ee oe +Hvt 
: SECOND 
OUTPUT 
SYSTEM GND 


NEGATIVE WRITE CYCLE 


POSITIVE 
WRITE 


Vselect* 


Vcc2 


SYSTEM GND 
Vss \ \ 


FIRST 
OUTPUT 


SECOND 
OUTPUT 


THV = high voltage 
+V elect is a voltage level typically equal to Vcc2 of the column driver. 
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ADVANCE SN65563, SN65564, SN75563, SN75564 
INFORMATION ELECTROLUMINESCENT ROW DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


oO antes Yar Re ioe b eee arene ne parte ht RE ERED Cine Ph ee NEI ORO ar ER age 15. V 
Ree RCE Eh ae a bog ean ata ee ee er We gt eas SS ot ai SN een Bea. 230 V 
ROR SEC EE  NLO Fg a's tang ae ee ee aes Gch | ke AAG & WH Avoas Ss ah oe eee - 230 V 
SPIRE RON ah 99a. gas ene eed goa ns ow eee aR aoe a GUE Oe AT Oe -—0.3 V to Vcc1 + 0.3 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 
UO et ey As Se a ele Cee ee NS Cee eR te eee fe 1700 mW 
Operating free-air temperature range: SN65563, SN65564 .................. —40°C to 85°C 
er G eT OeON . 7. te tees Ne pore 0°C to 7076 3 
Storage temoeretuie Fane... ssh) ai ke a PE es heed eRe CP es ~65°C to 150%¢ 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................0.00- 260°C 
” 
NOTES: 1. Voltage values are with respect to Vss. o 
2. For operation above 25°C free-air temperature, derate to 1088 mW at 70°C at the rate of 13.6 mW/°C. a 
c= 
recommended operating conditions (see Note 1, Figure 1, and Figure 2) mS 
> 
S&S 
0 
2 
© 
‘Slew rate, Vcc2 or Vsg with one active output driving a 4.7-nF load oO 
to Vss or Vcc2, dv/dt — 
Rest time, period between successive rampings of Vcc2 or Vss eae Sse STS 
soorating Hone tempemtue 7, [LSN65563, SNE5564 ae 
perating free-air temperature, Ta SN75563, SN75564 D 0 => 
; | cena = m oor ony oe dean 
The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic oO 
voltage levels only. LL 
= 
O 
Texas W 
3-137 
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-SN65563, SN65564, SN75563, SN75564 ADVANCE 
ELECTROLUMINESCENT ROW DRIVERS INFORMATION 


electrical characteristics over recommended operating ranges of VC¢1 and free-air temperature, 
Vcc2 = 225 V, Vss = 0 (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Off-state Q output t a in A 
-state Q output curren 
O(off) P Vo =0 i 
High-level lo = -70mA 
VOH Vv 
output voltage lo = —100 pA, Vcc1 = 12 V 
Low-level lo = 70 mA 
VOL en _ ~ V 
3 output voltage lo = 100 pA 
WH High-level input current Vin = Vcc 
lit Low-level input current Vit = O 
Beeepioc Swelycuremomvecr [ 
=e mA 
” Icc2 Supply current from Vcoc2 HA | 
a 20 
pe) 
< 
=) 
=e PARAMETER TEST CONDITIONS 
) P Propagation delay time, low-to-high j 
Oo PLH level serial output from clock C_ = 50 pF to Vss, 
: Propagation delay time, high-to-low See Figures 3 and 5 
PHL level serial output from clock 
‘ Propagation delay time, low-to-high dv/dt = 45 V/us, 
Pun level Q output from Vcc2 One output on with 
; Propagation delay time, high-to-low CL = 4.7 nF to Vss, 
PHL level O output from Voc? See Figures 4 and 5 
; Propagation delay time, low-to-high dv/dt = 45 V/us, - 
eri level OQ output from Vss One output on with ; 
: Propagation delay time, high-to-low Ci = 4.7 nF to Veco, m 
PHL evel Q output from Vss See Figures 4 and 6 . 
PARAMETER MEASUREMENT INFORMATION 
}¢——— twCLK ——>| 
> | | ViH 
| 
UO CLOCK 
& oe 
a sere nest 
‘@) j@—tsu1—r— th 1 
ri 
Sane 
Pa DATA IN 
o 
J FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 
ca. 


¥i 
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INFORMATION ELECTROLUMINESCENT ROW DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


ENABLE 


3 


POSITIVE n- 
WRITE ViL © 
2 
be 
+HV a 
So See EE Pe re > 
Vec2' © 
cc2 o 
we 
SYSTEM GND oO 
SYSTEM GND 
Vss 
— ee ee ran ee ee > HV 
TTiming waveforms are with respect to Vcc2 or Vss. as appropriate. 
FIGURE 2. CONTROL INPUT TIMING VOLTAGE WAVEFORMS 
=. Ke aS pattie Remote 
CLOCK 50% 
| 
| | Vit 
Ke- tPLH—DI k@- tPHL PI 
, Be oe 
DATA OUT 50% 50% = 
2) 
VOL i 
FIGURE 3. VOLTAGE WAVEFORMS FOR PROPAGATION. DELAY TIMES, CLOCK TO DATA OUT  § 
5 
Li. 
= 
Lit 
O 
< 
< 
7 43 
EXAS 3-139. 
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SN65563, SN65564, SN75563, SN75564 ADVANCE 
ELECTROLUMINESCENT ROW DRIVERS INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


Vcec2 
SYSTEM GND 


+HV 
3 Q OUTPUT 
SYSTEM GND 
1) 
” 
<3 
= 3 SYSTEM GND 
Y Vss 
< 
i) 
=| ‘ 
~” 
Q OUTPUT 
FIGURE 4. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY TIMES, Vcc2 (Vss) TO Q OUTPUT 
OUTPUT 
TEST | POINT 
ct 
O FIGURE 5. LOAD CIRCUIT 
2 Vcc2 
= | 
© t 
iT CL 
ome OUTPUT 
az UNDER re eee Le 
or TEST POINT 
= FIGURE 6. LOAD CIRCUIT 
> Te includes probe and jig capacitance. 
=< 
2 
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SN65567, SN65568, SN75567, SN75568 


ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 


D2983, DECEMBER 1986 


Controls 32 Electrodes 

60-V (Ramped VcCCc2) Totem-Pole Outputs 
Low CMOS Stand-By Power Consumption 
Energy Recovery System Compatible 
15-mA Source and Sink Compatibility 
High-Speed Serially-Shifted Data input 


description 


The SN65567, SN65568, SN75567, and 
SN75568 are monolithic BIDFETT integrated 
circuits designed to provide the serial-to-parallel 
conversion and level translation of data in a 
matrix-addressable electroluminescent display. 
The device inputs are diode-clamped CMOS 
inputs. The SN65568 and SN75568 output 
sequences are reversed from the SN65567 and 
SN75567 for ease in printed circuit board layout. 


These column drivers consist of two 16-bit static 
shift registers, 32 latches, and 32 high-voltage 
outputs. Typically, a 32-bit data string is split 
into two 16-bit data strings externally and then 
entered in parallel into the shift registers on the 
low-to-high transition of the clock signal. The 
register associated with Data Input 1 loads the 
odd bits while the shift register associated 
with Data Input 2 loads the even bits of the 
32 latches. This method of entering data 
effectively doubles the clock frequency of a 
32-bit shift register. A logic high signal on the 
latch enable input transfers the data from the 
‘shift register to the latches while the VCC2 bus 
is low. Once stable in the latch circuits, the 
VcCcC2 rail is ramped up to allow the data to 
appear at the high-voltage outputs. By limiting 
Vcc2 to a maximum of 50 volts, these devices 
may be safely operated in a non-ramped VCC2 
mode. Drivers may be cascaded via the serial 
data outputs of the static shift registers. These 
outputs are not affected by the latch enable 
input. 


The SN65567 and SN65568 are characterized 
for operation from -—40°C to 85°C. The 
SN75567 and SN75568 are characterized for 
operation from O°C to 70°C. 


TBIDFET —Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip—Patented Process 


SN65567, SN75567 . . . FN PACKAGE 


(TOP VIEW) 
NOATMWOOR ADO N 
wfwrrrr rw’ & NNN 
oO oo oo 0.0: 0: co 
6 5 43 2 1 4443424140 


Q11f]7 39[]Q23 
Q10{}8 38[]Q24 

agij9 37(JQ25 

asf} 10 36 (]Q26 3 
Q7{j11 35[]Q27 

Q6{j 12 [}Q28 

Q5]J13 33{}Q29 

041] 14 32[}Q30 

Q3{J15 31{}Q31 

Q2[ 16 30{jQ32 .- 


29LINC 


oo 
© 


Display Drivers 


DATA IN2 f} 
DATA IN1 ff 


SERIAL OUT1 
SERIAL OUT2 LJ 


Ww 
—l 
ea) 
< 
= 
ee) 
< 
O 
= 
< 
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SN65568, SN75568 . . . FN PACKAGE 


(TOP VIEW) 

Sea ee oS 

OoO0o000 0 00000 0 

6 °S "474-2 7 44.43 42414C 
Q22{]7 39[}]Q10 
Q231)8 38[jQ9 
Q241}9 37 {| Q8 
Q251j 10 36({Q7 
Q26 35 || Q6 
Q27 [Jj 12 34{j}Q5 
028 {J 13 33[j Q4 
Q29 1) 14 32 (| Q3 
Q30 {j15 31{}Q2 


Q31 30{} Q1 
Q32 |} 17 29L1NC 


fee) 
© 
o>) 
No 
Nh 


Erase 2s 2 Oe 2 = 
joe Tee O00 OVE 
oOo J >> sic 
az <I < 
est 6) 
ce O 
lu Li 
nw < 

— 


NC—No internal connection 


ADVANCAE INFORMATION 


ADVANCE INFORMATION documents contain 
information on new product in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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SN65567, SN65568, SN75567, SN75568 ADVANCE 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS INFORMATION 


logic symbolst 
SN65567, SN75567 SN65568, SN75568 


CMOS/EL DISP 
[PWR Q1-Q32) 


CMOS/EL DISP 
[PWR Q1-032] 


SRG16 
40(C41/~) 


(24) 


Vcc2 


LATCH ENABLE 
CLOCK 


LATCH ENABLE 
CLOCK 


DATA IN1 Qt DATA IN1 Qi 
Q2 
Q3 


Q4 


Q16 Qi4 
Q17 Q15 
ais Q16 
aig Q17 
DATA IN2 aQ29 DATA IN2 Q29 
Q30 Q30 
Q31 Q31 
Q32 Q32 
SERIAL SERIAL 
OUT1 OuUT1 
SERIAL SERIAL 
OUT2 OUT2 


Tt These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


FUNCTION TABLE 


| CONTROL INPUTS] Posie... .; ee See i 
FUNCTION See Se eee ATEN SERIAL aoe ae 
CLOCK ENABLE R1 THRU R32 LC1 THRU LC32 $01 S02) 


~ Not X No change 
Xx L 
: 


jes — LC1 thru LC32 tivel 
r res i 
R31 R32 : Sigeltests 
Stored data R31 R32 
LATCH As determined above LC1 thru LC32 respectivel 
| aren | R31 R32 
H = high level; L = low level; X = irrelevant; T = low-to-high-level transition 


t Each even-numbered shift register stage takes on the state of the next-lower even-numbered stage and likewise each odd-numbered 
shift register stage takes on the state of the next-lower odd-numbered state; i.e., R32 takes on the state of R30, R30 takes on the state 
of R28, . . . R4 takes on the state of R2, R2 takes on the state of Data In 2, R31 takes on the state of R29, R29 takes on the state 
of R27, ...R3 takes on the state of R1, and R1 takes on the state of Data In 1. 

+New data enters the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
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ADVANCE SN65567, SN6G5568, SN75567, SN75568 
INFORMATION ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS 


logic diagram (positive logic) 
Vcec2 


LATCH 
ENABLE > 
SHIFT 
REGISTER 1 LATCHES OUTPUT 


1D C2 BUFFERS 
a ll gee rare 
. 5 


Q2 
. = i Bo sa 
> C1 
= 550 5 | 
1D 2D es Q4 
i> C1 
a 
r) 
@ 


CLOCK 


> 
DATA IN1 & 


Display Drivers CS 


8 @ e E & @ 24 STAGES 
@ @ @ & 8 C) (Q5 THRU Q28) 
® ° ® og d e NOT SHOWN 
SHIFT 
REGISTER 2 
DATA IN2 b- i 1D 
R2 
20 P] 1 azo 
1D = 
bt Ga Sa 
os a ». 
2D ie 030 < 
cia: 
: am 7. 2 
Li. 
> C1 2D aa 031 a 
P8799 
os : 
1D C2 Ss) 
> C1 2D eee 032 a 
te SERIAL OUT1 — 
ie SERIAL OUT2 gf 
i, 
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SN65567, SN65568, SN75567, SN75568 ADVANCE 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS INFORMATION 


typical operating sequence 


eee 
DATA IN VALID IRRELEVANT 


SR CONTENTS INVALID | VALID 


LATCH ENABLE | 


LATCH PREVIOUSLY STORED DATA | NEW DATA VALID 
CONTENTS 
Vcec2 BF Scene AE RIO coe Nene ne 


a ouruTs [vaio \ 


schematic of inputs and outputs 
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EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUTS | 


Vec1 Vec2 Vcc 
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EEE EEE CT ALIS LIE RD Ti SR TEA LIE OEY SEIS LT EST CT OTE, SSS ORV OEE ILLES OE: SPIE TIO! ERR IAT RE EILEEN STE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Saree al cane rs a ie Bi ae st ee ek Ie eo Se os Se 8 V 
eo EL BTS eects, Mainline nl eae iay eee eae oe AN ce en es a 2 a eee Se nl eR ee: 7OV 
PEERIRE IRON ONE co hres ree at as ratty Loe Ie a igs care gt ee A ca Ces oe Vcc1+0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1700 mW 
Operating free-air temperature range: SN65567, SN65568 .................. —40°C to 85°C 

ee Pe | TE OS oop akon ke wk bk ea 0°C to /O°C 
ROP AIG AOR IIM TI TONG 85s oe, et eo ooh eset eg oe one Ke eile Mk ve ad -—65°C to 150°C 
Cane terimeratare Horio seine. he oe cast, cps OW Sale wie os ee Ce eee 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 13.6 mW/°C. 


recommended operating conditions 
Supply voltage, Vcc1 


’ 
’ 


: . Vec1 = 4.5 V 3.4 4.8 
High-level input voltage, Vip V 5.5 V 
Cci1 = 2: 


Low-level input voltage, Vj_ 


SNO5567, SNESEOB 


, 6) 
Operating free-air temperature, Ta SN75567, SN75568 


NOTE 3: Vcc2 must be ramped only when data within the latches is stable. 


electrical characteristics over recommended operating free-air temperature range, VCC1 = 5 V 


PARAMETER TEST CONDITIONS 


Seo ea ea gee ee OS Vec2 = 60 V, lon = —15 mA = 
ign-level Output vo 
on é 9° | Serial output lon = 100 nA 


EER IERIOS oT eg Se er ee 
Oow- ei output voitage 
OL tew-lovel ouput voltage T-Serial output | log = 100'9A a ey te 


iH High-level input current ViH = Vcc1 
He Low-level input current Vit = 0 2a eee 
icc1__ Supply current from Voc1 vi = Veo Senne Sag 


Se aera SRE 
curren rom = 
CG2 upply ceZ CC2 Outputs high 
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SN65567, SN65568, SN75567, SN75568 ADVANCE 
ELECTROLUMINESCENT DISPLAY COLUMN DRIVERS INFORMATION 


switching characteristics, VCC1 = 5 V, Vcc2 = 0, Ta = 25°C 


FROM TO 
PARAMETER TEST CONDITIONS 
INPUT | OUTPUT 
t p sic cilav cole: HE aw GA PE ee St Soo 
ropagation déla ime | O-iOW lieve oc 
PHL = : . Out See Figure 2 


u 
Out See Figure 2 
dv/dt = 60 Vius, 
td Delay time, Vcc2 to Q output Yoc2 Cy = 100 pF, 
See Figure 3 


PARAMETER MEASUREMENT INFORMATION 
rae aaa 


| | 
CLOCK 50% 50% 50% 
] | Vi 


| 
k¢—— tw(CLK) ——1 


Ke tsu Phe th 


wn XXX KXXX)., 


FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 
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SERIAL OUTPUT 


SERIAL OUTPUT 50% 
VoL 


FIGURE 2. VOLTAGE WAVEFORMS FOR PROPAGATION DELAY CLOCK TO SERIAL OUTPUT 
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PARAMETER MEASUREMENT INFORMATION 


tr = 0.8 ps—>| je 
© oo ge, ae eames pila 
Vec2 J 
10% an 
| 
take 


| cee rake ne a. peel a: anal han VOH 
Q OUTPUT |/ VALID 
10% 
VOL 


FIGURE 3. VOLTAGE WAVEFORMS FOR DELAY TIMES, LATCH ENABLE TO Q OUTPUTS 
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SN75581 
GAS DISCHARGE DISPLAY DRIVER 


D2725, MARCH 1983 


@ Each Device Drives 7 Lines J AND N 
DUAL-IN-LINE PACKAGES 
@ 150-V Output Voltage Swing Capability (TOP VIEW) 
@ TTL Compatible Inputs Vec+ Ci Uief a1 
ates NC 15, | Q2 
& Latches on All Driver Outputs OUTPUT ENABLE 14 & Q3 
@ High-Speed Serially Shifted Data Input CLOCK 13) Q4 
LATCH ENABLE 12[] O5 
@ Output Enable/Disable Function DATA IN 111106 
@ Serial Data Output for Cascade Operation Vcc- 10] J Q7 3 
; é GND 9|_} SERIAL OUT 
@ Shift Register Has Synchronous Clear Sat 
Function NC—No internal connection ” 
© 
oie > 
description E 
The SN75581 is a monolithic BIDFETT integrated circuit designed to drive a dot matrix or segmented display. > 
The output characteristics of this driver make it compatible to several display types including VF and DC o 
plasma displays. 2. 
All device inputs are diode-clamped p-n-p inputs and, when left open, assume a high-logic level. The nominal QO 
input threshold is 1.5 volts. Outputs are open-source DMOS transistors for excellent high-voltage 
characteristics and reliability. 
The device consists of a 7-bit shift register, seven latches, and seven output AND gates. Serial data is 
entered into the shift register on the low-to-high transition of the Clock input. When the Latch Enable input 
is high, data is transferred from the shift registers to the latch outputs. When Latch Enable makes a high- 
to-low transition with the Clock input high, the shift register is cleared. Taking the Output Enable input 
high enables all Q outputs simultaneously. The Serial Output is not affected by the Output Enable input. 
The SN75581 is characterized for operation from O°C to 70°C. 
logic symbol* logic diagram (positive logic) 
TTL/GAS DISCH OUTPUT ENABLE 
OUTPUT (3) LATCH ENABLE 
ENABLE 
LATCH 
CLOCK 
ENABLE LATCHES 
DATA IN 
Q1 
CLOCK 
DATA IN (16) g; 
a2 a2 
a3 
13 3 STAGES 
3) a4 ° : ° : 2 (Q3 THRU Q5) 
(11) a5 NOT SHOWN 
a6 
(10) 65 a6 
SERIAL 
OUT 
Q7 
SERIAL OUT 
t BIDFET —Bipolar, double-diffused, N-channel and P-channel MOS transistors on same chip—patented process. 
+ This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
PRODUCTION DATA documents contain : Copyright © 1983, Texas Instruments Incorporated 
information current as of publication date. 4 
Products conform to specifications per the terms TEXAS 3-149 


of Texas Instruments standar emseenty, 
Production processing does not necessarily 
include testing of all parameters. 
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SN75581 
GAS DISCHARGE DISPLAY DRIVER 


typical operating sequence 


CLOCK LLL 
DATA 
IN IRRELEVANT IRRELEVANT 


SHIFT 
CONTENTS 


K 


LATCH 
ENABLE 
LATCH 
CONTENTS PREVIOUSLY STORED DATA NEW DATA 
OUTPUT 
ENABLE 
OUTPUTS VALID NEW DATA VALID 


schematics of inputs and outputs 


siaaug Aejdsig 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL SERIAL OUTPUT 


Vcc+ Voc+ Vcc+ 


OUTPUT 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SCH EN OMIE  AL Oe ABO IMETOlS BY era k noe «lore aoe wat ne Rove. e+ 6 aw A ee eee eee a ye 7V 
RI SetURL UE eg ea, ag Vane igSig Sr igi's. ei yn eo ad KR wR ae ebay he nig eR a eee na te -15V 
EeE POR TURLEY SPO M- MIRC fe SO ne als a sa oo esac oe oh k 0-5, cob Pee Soe a oh ees aa 18.7 V 
et eRe SOL OMORINT, TENTIAL OMIPEUIEE Dc on Foe oO ee a dino eice, ao ened tose on min a oe a eek ee -5.5 mA 
PERRIOO OUIDUS VOMEOD § eis 5 ag <td nee ok ee Bw ee EE oe Vec+ - 145 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

PRR eM eats oe Clin Be, wy, widen! wy ay a Be RR ee AAS ED Praca boone loltemter Cres 1150 mW 

TNR rrr ae SFr LG OR tas eon & gecko nibs Fe OED aay cue Se eS 1025 mW 
OBSCatifo tree Or semnGrelUte [ANGE fs id 6 oath haa a iw ae lew aS en PR 0°C to: 70°C 
Pelee es ORT AT CONG 2 ox: yp se ad ao ks ape ewe a Vises e Mo ee le eS —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the J package linearly to 656 mW at 70°C at the rate of 8.2 mW/°C 
and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 
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| SN75581 
GAS DISCHARGE DISPLAY DRIVER 


recommended operating conditions 


foe a ee ee eee ee ee 

Supply volage, Vocs 46 8 8B) wee 
Supply voltage, Vcc — -10.8 -12 -13.2 
V 


ome Tor oe ae ee 
Ee eT 
Pulse duration, clock low, tw(CKL) eas se 


0 
: p< ee 
—e 


3 


5 


; Data after clockT 
Hold time, th ; 
Clock high after latch enable! a Ree 
Operating. free-air temperature, Ta 4 


electrical characteristics over recommended operating free-air temperature range, 
Vcc+ = 4.5 V to 5.5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
VOH High-level output voltage, serial output IoOH = —500 pA 2.4 4.7 
VOL Low-level output voltage, serial output Vec+ =5.5V, lot = 1.6 mA 0.15 0.4 
—2 
12 


Display Drivers 


TTo(otty _OFFstate output current, GQoutputs | Vccs =65V, Vo=-140V | SsS~=~= 
Cig Highvevel input curent Ss BBV Sd 
Ti, __towlevel input current —Ss—SCidY—S OAV SSSCSC~dSC“‘“‘CSC*~*‘*SOCS 


switching characteristics, CL = 20 pF, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYPTt MAX | UNIT 


Propagation delay time, high-to-low-level eee 


Dit 3 
LS 
0.75 2 
output enable 
Propagation delay time, high-to-low-level 
tPHL — a 200 350 
serial data from clock Ri = 3 kQ, 
Propagation delay time, low-to-high-level See Figure 5 
tPLH . : i 9 7 180 350 
serial data from clock 


T All typical values are at Vcc + = 5 V, Vcc— = -12V,Ta = 25°C. 


tPHL Q output from latch enable or 


output enable RL = 25 kQ, 


Propagation delay time, low-to-high-level See Figure 4 


tPLH Q output from latch enable or 
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SN75581 
GAS DISCHARGE DISPLAY DRIVER 


PARAMETER MEASUREMENT INFORMATION 


}¢——twi ck) —}e—— wick) ———> 
| | 


5V 


CLOCK 


2 


DATA IN 50% 


LATCH ENABLE 


sisaug Aejdsig 


OUTPUT ENABLE 


SERIAL OUT 


| 
| 
| 
| 
| 
| 
VOL 


| 
| 
| 
| 
| 
tpH_—te—] le—ol—tpLH fe-tpxx*-> le— texx* —p| 


| 
30% VOH 
Q OUTPUTS | | 
10% 
VOL 
*tpxx is tpH_ or tpLH (whichever is appropriate) 
FIGURE 3. VOLTAGE WAVEFORMS 
Q OUTPUTS TEST POINT Vcc + 
25 k2Q 7 os ee fh ea 
= SERIAL OUTPUT TEST POINT 
-130 V 7 i a 
*Includes probe and jig capacitance 


FIGURE 4. Q OUTPUT LOAD CONDITIONS 


*Includes probe and jig capacitance 


FIGURE 5. SERIAL OUTPUT LOAD CONDITIONS 
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ADVANCE 
INFORMATION 


SN751506, SN751516 
DC PLASMA DISPLAY DRIVERS 


D3005, DECEMBER 1986 


Each Device Drives 32 Lines 


180-V Open Drain Parallel Outputs 


220-mA Parallel Output Sink Current 
Capability 


CMOS-Compatible Inputs 
Strobe Input Provided 


Serial Data Output for Cascade Operation 


Inputs Have Built-in Electrostatic Discharge 
Protection 


description 


The SN751506 and the SN751516 are 
monolithic integrated circuits designed to drive 
the scan lines of a dc plasma panel display. The 
SN751516 pin sequence is reversed from the 
SN751506 for ease in printed circuit board 
layout. 


Each device consists of a 32-bit shift register and 
32 OR gates. Serial data is entered into the shift 
register on the high-to-low transition of the clock 
input. When the strobe input is low, all Q outputs 
are in the off-state. Outputs are open-drain JFET 
transistors with a breakdown voltage in 
excess of 180 volts. The outputs have a 
220-milliampere sink current capability in the on 
state. Only one Q output should be allowed to 
be in the on state at a time. 


Serial data output from the shift register may be 
used to cascade shift registers. This output is not 
affected by the strobe input. All inputs are 
CMOS compatible with ESD protection built in. 


The SN751506 and SN751516= are 
characterized for operation from O°C to 70°C. 


ADVANCE INFORMATION documents contain 
information on new predoucts in the sampling or 
prenroduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 


TEXAS 4 
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SN751506 . . . FT PACKAGE 


(TOP VIEW) 
Q1 
Q2 
Q3 
4 
Q5 
Q6 
Q7 3 
a8 
ag 
Q10 n 
Q11 @ 
Q12 2 
013 fa 
Q14 
Q15 = 
Q16 rol 
NC 2 
GND an) 
NC 
STROBE 
NC 
Vcc 
NC 
DATA IN 
SN751516... FT PACKAGE 
(TOP VIEW) 
0101 UssD a32 
0202 47099031 
0303 61) 030 
Q4L}4 451]029 
Oo5L)5 441109028 
os6Qjé 43) 027 
0707 4210026 2 
osljs 411} a25 Oo 
Q9Lj9 4013024 pan 
0104410 39fa23 fame 
Q11(411 38022 q 
Q12 37[) Q21 S 
Q13 36[] 020 cc 
Q14 35] Q19 7 
Q15 347] 018 O 
Q16 33] 017 heen 
NC 32.) NC = 
GND 31] GND 
NC 30[) NC iedad 
STROBE 29) NC O 
NC 28] CLOCK a 
VCC 27L) Vcc gq 
NC 26) NC > 
DATA IN 25[_] SERIAL OUT Q 
= | 
Copyright © 1986, Texas Instruments Incorporated 
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SN751506, SN751516 ADVANCE 
DC PLASMA DISPLAY DRIVERS INFORMATION 


logic symbolst 
SN751506 SN751516 


CMOS/ 
PLASMA DISP 


CMOS/ 
PLASMA DISP 


STROBE 


CLOCK CLOCK 

DATA IN Q1 DATA IN Q1 
Q2 Q2 
Q16 Q16 
Q17 Q17 
Q31 Q31 
Q32 Q32 
SERIAL OUT SERIAL OUT 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


logic diagram (positive logic) 


STROBE i>. O 
cLK —O = OOD a 
STATIC Q2 
SHIFT 
DATA IN ee REGISTER 28 OUTPUTS 
(Q3 THRU 030) 
NOT SHOWN 
031 
032 
SERIAL 
OUT 


FUNCTION TABLE 


CUNCTION LCONTROL INPUTS | SHIFT REGISTERS OUTPUTS 
CLOCK | STROBE R1 THRU R32 SERIAL Q1 THRU Q32 


| Xx Load and shift* 
LOAD Determined by STROBE 
No! Xx No change 
xX L : All high impedance 
STROBE As determined above 
X H R1 thru R32 


H = high level, L = low level, X = irrelevant, | = high to low transition. 
+ R32 takes on the state of R31, R31 takes on the state of R30, . . . R2 takes on the state of R1, 
and R1 takes on the state of the data input. 


TEXAS 4 


R32 
R32 
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ADVANCE | SN751506, SN751516 
INFORMATION DC PLASMA DISPLAY DRIVERS 


typical operating sequence 


@®e@ @ 
CLOCK UU LULL 
DATA INT VALID IRRELEVANT 


SHIFT REGISTER 
INVALID VALID 
CONTENTS 


5 


STROBE 
” 
boo 
® 
OUTPUTS OFF STATE OFF STATE 2 
Bes 
TOnly 1 bit in 32 should be low in the input data. a) 
Fy 
schematics of inputs and outputs a 
2 
EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT ms 
Vcc oe Vcc 
INPUT -— OUTPUT OUTPUT 
GND — |-— 4 GND 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 2 
Guna vonece, VOC (866 1Ote 9) i. ea ee PP ee eee ler -O0.4Vto7V oO 
On-etete: Cl “outout voltage, Vo... 5. sl esigawae te eaten tau) Skis Oot alee ba -0.4Vt0o125V 
Or arate ce tient Verna, Vey eer na a eee -0.4Vto180vV &{ 
RSEPUMEERM Ss 4. Tse a re Be ae eee a ee RE -—0.4 V to Vcc + 0.4 V => 
STI IEC OOS 5 oat Atk ph Pho SC hE ee kee ois AAS ba RR —0.4 V to Vcc +0.4 V oc 
© outuut on-state time duration (see. Note} sei: Osa es Ua a ee Jee 100 ys oO 
Ch area ere Cie er ad we ec ce oy A ce Blas ee 2 ey ED Ae MOE Hee 1/200 LL. 
Continuous total power dissipation at (or below) 25°C free-air a 
eer RTA AU Ro cae don cw hk OG Sea PO ak cake k Oe ure wd wl dante we ees 1025 mW vexata 
Ooareisie tee-or SOG errs FONG 6s Se AS eek a OS ee OS ee TES O°C to 70°C "Ey 
AGN REPLIED TEINS Co oie Farin Bes Ge le UA ewe wd as oe Rw 8 -§5°C to 150°C ‘®) 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................005- 260°C a 
NOTES: 1. Voltage values are with respect to GND. x 
2. Only one Q output should be on at a time. ae 
3. For operation above 25°C free-air temperature, derate linearly to 656 mW at 70°C at the rate of 8.2 mW/°C. Q 
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SN751506, SN751516 | | | ADVANCE 
DC PLASMA DISPLAY DRIVERS 3 INFORMATION 


recommended operating conditions 


Low-level input voltage, Vi, 


3 


econ i. 800 | 


Pulse duration, clock high or low, twCLk 
Pulse duration, data, twp 


Output current Io (Ta = 26°0 


3 Pulse duration, strobe, twSTRB 

Ty Setup time, data before clock!, tsy 

< Hold time, data after clock!, th 

iw) Operating free-air temperature, Ta 
= 

= T The minimum clock period is 5 us. 

= 

” 


electrical characteristics, Vcc = 5 V, Ta = 25°C (unless otherwise noted) 


iol = 180 mA 


V Low-level output voltage 
- pur vonage [Serial out_ lou = 0.1 mA 
L 


IO(off)  Off-state output current Q outputs VOH = 110 V 


sae eey ENaTE 
Pe oe 
ees GaN S 
inc Sl gator PT epee ee eT 
acc a a ek MES EH 
a ome ee ee 
rere Sibi 
aot a0 | 
CMIN TYP MAX | 


All Q outputs off 


| Supply current 
cc oer One Q output on 


switching characteristics, VCC = 5 V, TA = 25°C 
UNIT 
tod Propagation delay time, clock to serial output Cy = 15 pF Sees ee ER 


tpHL Delay time, high-to-low-level Q output from strobe or clock inputs 
Ci = 150 pF, 


RL = 470 Q, 
See Figures 2 and 3 


tpLH Delay time, low-to-high-level Q output from strobe or clock inputs 
tTHL ‘Transition time, high-to-low-level Q output 


tTLH ‘Transition time, low-to-high-level Q output 


+ Typical values are for clock inputs. Typical times from strobe inputs will be less. 


- 


NOLLVINHO4NI 3ONVAaV 
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ADVANCE SN751506, SN751516 


INFORMATION DC PLASMA DISPLAY DRIVERS 
av 
CLOCK 50% : 50% 50% 
leh—-twetkn sare as Rp a eR a is 
f¢—tsup is tho ae 
| | 4vV 
l 1V 


| 
oe 


FIGURE 1. INPUT TIMING VOLTAGE WAVEFORMS 


| 
| Vv 
) OH 
SERIAL OUT ) 50% 
| VOL 


tpd > Bee >| 


| | 4vV 
STROBE | 50% ‘ # 50% 
| | 


o tDHL 4 toLH Bh eon 
* = VOH 
peptoans | 90% 90% 90% 
| 10% | |N. 10% 
VOL 


FIGURE 2. SWITCHING CHARACTERISTICS 
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SN751506, SN751516 | ADVANCE 
DC PLASMA DISPLAY DRIVERS INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


5V Vpp = 100 V 
150 pF 


150 pF 470 2 
. GENERATOR DATA IN 

(SEE NOTE A) 

3 470 2 
e 
e 
iw) @ 
a 150 pF 
no | GENERATOR 
yy (SEE NOTE A) -—~ 
< 
150 pF. 4700 

Oo 
=f 
< 
@ 470 2 
“ GENERATOR §[|}— STROBE 

(SEE NOTE A) 

Cy = 15 pF 
(SEE NOTE B) 
NOTES: A. Input pulses are supplied by generators having the following characteristics: ty = 1.25 ws, PRR < 200 kHz, t, < 30 ns, 
te = 30 ns, Zp = 502. 
B. C, includes probe and jig capacitance. 
TEST CIRCUIT 
FIGURE 3 

m 
2 
Oo 
= 
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ADVANCE SN751506, SN751516 
INFORMATION | DC PLASMA DISPLAY DRIVERS 


TYPICAL CHARACTERISTICS 


LOW-LEVEL Q OUTPUT VOLTAGE LOW-LEVEL OUTPUT CURRENT OQ OUTPUTS 
VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
< 
7 E 
® | 
D ~ 
© = 
2 oD 
Ss 5 
E = = 
Q. be Brees 
E} 2 a) 
‘s) 3 oa 
rs se = 
® ¢ QO 
? Ss ng 
: : 5 
ond 
: t & 
> fo) im 
0 — 40-~-206--- 30 --40.- §0-— -60'--76:. 80 O- - 40----20--30:- -40 - 80 --60-- 707°. 88 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 4 FIGURE 5 
PROPAGATION DELAY TIME, 
SUPPLY CURRENT CLOCK TO SERIAL OUTPUT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
0.5 
vee =~ fer=sv TT | [1 
One Q 
g 
Le ; 0.4 
E 2 2 
a we O 
3° = 
6 2 < 
> ° 
3 3 0 = 
3 aS 
| E oO 
9 { ba 
: Z 
LL 
6) 
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 — 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C = 
FIGURE 6 FIGURE 7 Q 
i 
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SN751506, SN751516 
DC PLASMA DISPLAY DRIVERS 


ADVANCE 
INFORMATION 


TYPICAL CHARACTERISTICS 


: DELAY TIME, 
HIGH-TO-LOW-LEVEL Q OUTPUT 


vs 
FREE-AIR TEMPERATURE 


si9aug Aejdsig Bids) 


DELAY TIME, 
LOW-TO-HIGH-LEVEL Q OUTPUT 
vs 
FREE-AIR TEMPERATURE 


0.5 
; i 
| 
® 
E Eoal Ri = 4702 
ee 
iy & 
rT) o 
ra) oO 
= 3 0.3 
2 ® 
J = 
3 o 
= =I 0.2 
2 2 
rz 2 
2 ) 
* 7 0.1 
aad <= 
Ea On ad 
a f 
0 
 90-°26:)- 26. - 46. 50." 60>" 70° 86 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 8 FIGURE 9 
TRANSITION TIME, TRANSITION TIME, 
HIGH-TO-LOW-LEVEL Q OUTPUT LOW-TO-HIGH-LEVEL Q OUTPUT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
rag? » 1.0 
r r 
| 
© © 
= E 
> KH 0.4 F og t Ri = 4702 
a E 
> ¢ 0.3 = 0.6 
J J 
rr 3 0.2 S 0.4 
°o — 
a = + 
> = 
mm So. 5 0.2 
> aaa i 
HD 5 
s & E 
0 0 
> 0.10: = 20 30> 40: - 50-60" 70: $0 O0.6.10 © 20.«©630)=|=©640:- 50 60 70.80 
= Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
O FIGURE 10 FIGURE 11 
= 
i 
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ADVANCE 
INFORMATION 


Each Device Drives 32 Lines 


registers, 32 latches, 32 OR gates, and 32 
P-N-P open-collector output AND gates. 
Typically, a 32-bit data string is split into two 
16-bit data strings externally and then entered 
in parallel into the shift registers on the high-to- 
low transition of the clock signal. A logic high 
signal on the Latch Enable input transfers the 
data from the shift registers to the inputs of 32 
OR gates through the latches. Data present in 
the latch during the high-to-low transition of 
Latch Enable is stored. When the Strobe input 
is high, the latch is masked and a high will be 
placed on the data input of the output AND 
gates. When the Strobe input is low, and the 
Sustain input is high, data from the latches is 
reflected at the outputs. A logic low signal on 
the Sustain input will force all outputs to their 
off state. Drivers may be cascaded via the serial 
data outputs of the static shift registers. These 
outputs are not affected by the Latch Enable, 
Strobe, or Sustain inputs. 


The SN751508 and the SN751518 are 
characterized from O°C to 70°C. 


SN751508, SN751518 
DC PLASMA DISPLAY DRIVERS 


SN751508 . . . FT PACKAGE 


@ -120-V P-N-P Open-Collector Parallel 
Outputs 0320 
®@ High-Speed Serially Shifted Data Inputs Pe : 
@ CMOS-Compatible Inputs a29U 
Q28 U 
@ Strobe and Sustain Inputs Provided 02777 
@ Serial Data Output for Cascade Operation ae : 
stat Q24C 
description 0230 
The SN751508 and SN751518 are monolithic es ; 
integrated circuits designed to drive the data a206 
lines of a dc plasma panel display. The 0197 
SN751518 pin sequence is reversed from the Q18f 
SN751508 for ease in printed circuit board qi7¢Q 
layout. GND U 
. . . . NC LU 
Each device consists of two 16-bit shift STROBE [1] 


SERIAL OUT2( 
SERIAL OUT1Q 


(TOP VIEW) 


On oO fF WD — 


1 

} a2 

a3 

J 04 

1} 05 

1 06 

Q7 

Q8 

ag 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

GND 
SUSTAIN 
NC 
LATCH ENABLE 
NC 

Vce 
DATA IN2 
DATA IN1 


SN751518 .. . FT PACKAGE 


Q1 
Q2 
Q3 
Q4 


Q5 
Q6 


Q7 
Q8 
Qg 
Q10 
Q11 
Q12 


Q13 
Q14 


Q15 
Q16 

GND 

SUSTAIN 

NC 

LATCH ENABLE 
NC 

Vee 

DATA IN2 
DATAIN1 


(TOP VIEW) 


1 
2 
3 
4 
5 
6 
7 
8 


NC —No internal connection. 


ADVANCE INFORMATION documents contain 
information on new bgp in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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Q32 
Q31 
Q30 
Q29 


Q28 
Q27 


Q26 
Q25 
Q24 
Q23 
Q22 
Q21 


Q20 
Q19 


Q18 

Q17 

GND 

NC 

STROBE 

NC 

CLOCK 

VCC 

SERIAL OUT2 
SERIAL OUT1 


D2984, JANUARY 1987 


3 


Display Drivers 


ADVANCE INFORMATION 


Copyright © 1987, Texas Instruments Incorporated 
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DC PLASMA DISPLAY DRIVERS INFORMATION 


logic symbolst 
SN751508 


CMOS/EL DISP 


SRG16 
40(C41/—) 


i[e20_D aa.aa} “2a 
a[a2z0_D 23.44} —“8las 


15142D D 43,440 15 
16/42D D 43,445 Q16 


1 
17/420 D 43,440 (16) 917 


181420 D 43.44 15) 918 


DATA IN2 291420 D 43,440 a29 
301420 D> 43,440 {3) 930 


311420 D 43,440 Q31 


32l42p D 43,440 Q32 


(24) SERIAL 
OUT1 


oO 
> 
~ 
> 
2 
—s 


oO 
~” 
a 
+e) 
< 
0 
ase 
< 
@ 
= 
” 


(23) SERIAL 
OUT2 


2[aa0_D 43.48} —@a2 
3[a20_D 43.48} —“as 
a[a20_D 43.040} —“a4 


15 Q15 
16 Q1é 
17 

420 DP 43.440 ais 


SRG16 
40(C45/>) 


DATA IN2 29]420 BD 43,44 a29 


30}42D DB 43,44 a30 
31142D PD 43,440 Q31 


321420 BD 43,440 32 


31 (25) SERIAL 
OUT1 


(26) SERIAL 
OUT2 


NOILVINYOANI ADNVAGV 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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ADVANCE SN751508, SN751518 
INFORMATION DC PLASMA DISPLAY DRIVERS 


logic diagram (positive logic) 


SUSTAIN & 
STROBE ie 


ENABLE—| > Ben 
CLOCK qd > SHIFT 
REGISTER 1 LATCHES , 
DATA IN1 o2 SS gee Q1 w 
a 
et Q2 
a Te 5 
e ® a 
e % C2 Q3 a) 
Se 5S ag a 
04 
Eau Me ge te tt 
@ e®eee e®# p-) e 
: ee ea 
REGISTER 2 
DATA IN2 Be z 
=r 
=, =. 2 a te a ty ae OE sal 
Se = — = 
f bs = a aes Bp - O 
031 
aa Ea HD oe = 
cc 
Ele | fla >—-- 
"J = 
HS: SERIAL OUT1 ayy 
i SERIAL OUT2 > 
x 
> 
a 
= § 
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SN751508, SN751518 ADVANCE 
DC PLASMA DISPLAY DRIVERS INFORMATION 


SHIFT REGISTERS LATCHES 


CONTROL INPUTS OUTPUTS 
FUNCTION LATCH SERIAL 
CLOCK STROBE | SUSTAIN R1 THRU R32 LC1 THRU LC32 Q1 THRU Q32 
ENABLE | $01] S02 | 
LOAD J Xx Load and shiftt Determined by Determined by 
No J No change Latch Enable* Sustain and Strobe 
LATCH Xx Peto Stored data Determined by 
etermined above 
ENABLE x r New data Sustain and Strobe 
xX Det ined b 
STROBE As determined above a shea te 
x Latch Enable* 
Determined b 
SUSTAIN x t’ | As determined above deeietcn tds: Be 
Latch Enable 


R32 
32 
LC1 thru LC32 
R32 ‘3 
All on (high) 
R32 
H = high level, L = low level, X = irrelevant, | = high-to-low transition 


oS) aad! Op 4 
x KK xX 
x KiLxK Xx 
a 


b ae 4 
ae 


2 


x< 
x< 


All off 


T Each even-numbered shift register stage takes on the state of the next-lower even-numbered stage, and likewise each odd-numbered 
shift register stage takes on the state of the next-lower odd-numbered stage; i.e., R32 takes on the state of R30, R30 takes on the state 
of R28, . . . R4 takes on the state of R2, R2 takes on the state of Data In2, R31 takes on the state of R29, R29 takes on the state of 
R27, ...R3 takes on the state of R1, and R1 takes on the state on Data In1. 

+ New data enters the latches while Latch Enable is high. This data is stored while Latch Enable is low. 


typical operating sequence 


eee 
CLOCK | | | | | | | | 
DATA IN VALID IRRELEVANT 
SHIFT 
REGISTER INVALID | VALID 
CONTENTS 
LATCH ENABLE | | 
LATCH CONTENTS PREVIOUSLY STORED DATA | NEW DATA VALID 
STROBE | | | | 
SUSTAIN | | 


Q OUTPUTS OFF-STATE VALID OFF STATE 


sisaug Aejdsig 
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ADVANCE SN751508, SN751518 
INFORMATION DC PLASMA DISPLAY DRIVERS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 


Vcc Vcc2 Vcc 


OUTPUT OUTPUT 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Senta. Portman. Viol Ce Nt 89 5c = ae aac oa es Reh PRA SED mw ae a Sv ho SO -0.4to7V 
CHE atte cr OU On GUe, VO). he el ee ee ee ree a eee Ee -—120 V to Vcc +0.4 V 
Sp ST 1 SENG GRR SEY te SCO RIE POPs et gE i AD iP Os RE TON ay age EP Be ee re ee —0.4 V to Vcc +0.4 V 
SIM GRIEG WERLDOG 025 on isc me eh ee ED eS Oe eS —-0.4 V to Vcc +0.4 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

(ROG Pete ei ens ee ee OO Re oe 9 ee ere ee owe ede 1025 mW 
DGBFATING-ThOGrait LBMORFOTUFO 1ONGE: 5 a0 coin okemioe, «ep phew ba cpap 6 een eck ee 0°C to 70°C 
AEN ITI NUT FO essing ons enone Saat Wh amr ang dade apie te Wn —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................2005. 260°C 


NOTES: 1. Voltages values are with respect to GND. 
2. For operation above 25°C free-air temperature, derate linearly to 656 mW at 70°C at the rate of 8.2 mW/°C. 


3 


Display Drivers 


ADVANCE INFORMATION 


TEXAS 4 3-165 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN751508, SN751518 ADVANCE 
DC PLASMA DISPLAY DRIVERS INFORMATION 


recommended operating conditions 


Supply voltage, Vcc 


Output voltage, Vo 


; . Vec = 4.5 V 

High-level input voltage, Vip Vcc 5.5 V 
cc = 9; 

Vec = 4.5 V 

Low-level input voltage, Vj, Vcc = 5.5 V 


Output current, Io (Ta = 25°C) 
Clock frequency, foigck 


Clock 
Data In 
Latch Enable 


UNIT 


> 


3 


Pulse duration, tw (see Figure 1) 


= 


ee) [ef ® BL <|< | 


Sustain 

Data In before clock! 

Clock low before latch enablet 
Latch-Enable low before clock! 
Latch-Enable high before strobe! 
Latch-Enable high before sustainT 
Hold time, Data In after clock!, th (see Figure 1) 

Operating free-air temperature, Ta 


oO 


Nh ~ 
oO NO] RM o 
| 
~ ~ 
oO oO 


Setup time, tsgy (see Figure 1) 


SIBALIG Aejdsig 


= 


electrical characteristics, Vcc = 5 V, Ta = O°C to 70°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


lIoH = -0.5 mA 


Bie wee a ee 
Vec = 5.5 V Sa et 
| pee eae a 
Serial Out 
cain elo atto ae 
Zs lon = —20 pA 
IoL = 100 pA 
lo. = 20 pA 
Io. = 109 pA 
lo. = 20 pA 


1oH High-level Q output current St ae See 


VOH High-level output voltage 


VoL Low-level output voltage 


lo Low-level Q output current 26°C; 

liH_ = High-level input current Ta = 25°C, 

Ta = 25°C, 

All Q outputs high, Vcc = 5. 
All Q outputs low 


Cj Input capacitance 


TAIl typical values are at Ta = 25°C. 


m 
m 
mm 
be 
5 
m 


A 
A 
A 
A 
A 
pF 


icc Supply current 


: 3.6 
0.9 es 
-1.2 
17 2 
3 


switching characteristics Vcc = 5 V, Ta = 25°C (unless otherwise noted) 


PARAMETER 
tod Propagation delay time, Clock to Serial Out 


tpLH Delay time, low-to-high-level Q output from Sustain or Strobe 
tpHL Delay time, high-to-low-level Q output from Sustain or Strobe 


tTLH Transition time, low-to-high-level Q output 


tTHL Transition time, high-to-low-level Q output 


+Typical values for delay times are measured from the Sustain input. 


Cy = 15 pF, 
Ri = 91 kQ, 
See Figures 1 and 2 


NOILVINYOANI SAODNVACV 
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ADVANCE | SN751508, SN751518 
INFORMATION DC PLASMA DISPLAY DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


CLOCK 


etl ty 
Jetset oy 
4V 


| | 
| | 1V 
| 
SERIAL OUT | 50% 
| 
VOL 


LATCH ENABLE 


Display Drivers | 


| | 

| | | 
feta} | | le—-two le tw 2 
| | | l . ro) 
| | Nl | | 7. ie Ce ee = 4V annie 
SUSTAIN ~~ 
| : | | 1V = 
) toLH>| ke | tHe} fe | oc 
tpLH>| r r >| [e *DHL | >} + toLH o) 
LL. 
= 
Q OUTPUTS oom 
LJ 
'TLH | >t Le-trin O 
aria i ! = f-tTHL = 
tTHL 1 ~< § 
NOTE: Input t, and t¢ are less than or equal to 10 ns. rs 
FIGURE 1. INPUT TIMING AND SWITCHING TIME VOLTAGE WAVEFORMS = 

i 
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SN751508, SN751518 ADVANCE 
DC PLASMA DISPLAY DRIVERS INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


15 pF 
Vcc 
DATA IN 
0 STROBE 
” 
= 
o 
as SUSTAIN 
0 
= 
< 
© 
= LATCH ENABLE 
” 
SERIAL OUT1 es 
SERIAL OUT2 
Cub CL 
= CL = 15 pF 
(see Note B) 
TEST CIRCUIT 
NOTES: A. Input pulses are supplied by generators having the following characteristics: tw = 100 ns, PRR < 5 MHz, tr < 10ns, 
tf = 10 ns, Zo = 502. 
B. C, includes probe and jig capacitance. 
FIGURE 2 
m 
[hated 
o 
= 
T 4 
S406 | EXAS 
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ADVANCE SN751508, SN751518 
INFORMATION DC PLASMA DISPLAY DRIVERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT DELAY TIME, CLOCK TO SERIAL OUTPUT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
20 a 2 
5 
= 
s 
¢ 15 2 3 
| < 
5 B 
= ° Faw: 
=| = ro) 
= 40 re > 
2 x) = 
: : a 
” ® 
| E = 
3) —_ 
© 5+} All Q outputs low > a. 
No load 2 2 
a Oo 
0 
= 
0 
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
Tpa—Free-Air Temperature— °C Ta—Free-Air Temperature — °C 
FIGURE 3 FIGURE 4 
DELAY TIME, SUSTAIN INPUT TO Q OUTPUT, DELAY TIME, SUSTAIN INPUT TO OQ OUTPUT, 
LOW TO HIGH HIGH TO LOW 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
2 r 
s 3 
oy] ° 
= 4 
° 
° ~ 
3 & a 
S : © 
Z 3 - 
z = < 
ro) 2) 
oO og = 
: : & 
< - vo 
= zg = 
; i Z 
| 
= = Lu 
a 2 © 
= QO -10 -20 .30 40 60: 60 - 70 .60 2 
Ta—Free-Air Temperature— °C Ta—Free-Air Temperature — °C <q 
FIGURE 5 FIGURE 6 > 
< 
i 
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SN751508, $N751518 ADVANCE 
DC PLASMA DISPLAY DRIVERS INFORMATION 


TYPICAL CHARACTERISTICS 


TRANSITION TIME, Q OUTPUT, TRANSITION TIME, Q OUTPUT, 
LOW TO HIGH HIGH TO LOW 
vs vs 
‘3 FREE-AIR TEMPERATURE 2 FREE-AIR TEMPERATURE 
= 
l | 
= ; 
I ad 
3 g g 
2 = 
3 = 
oO 3 2 
a 5 FE) 
i) 3 
re¥) og ro] 
< ; e 
.- § S 
S § = 
“ = & 
" 
x = 
oy 0 10. 20 .30 .46: 380 6G. 70 ».80 Lg 0 10: 20.30 40 66,°60 70 © 80 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 7 FIGURE 8 
z 
2 
© 
iT 
a 
O 
2 
am 
© 
za 
T Hi 
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TL4810BI, TL4810B 
‘VACUUM FLUORESCENT DISPLAY DRIVERS 


D2715, DECEMBER 1984—REVISED FEBRUARY 1986 


Each Device Drives 10 Lines N 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


60-V Output Voltage Rating 

40-mA Output Source Current 
High-Speed Serially-Shifted Data Input 
CMOS-Compatible Inputs 

Latches on All Driver Outputs 


improved Direct Replacement for 
UCN4810A and TL4810A 


description 


The TL4810BI and TL4810B are monolithic DW 

BIDFETt integrated circuits designed to drive a SMALL OUTLINE PACKAGE 
dot matrix or segmented vacuum fluorescent (TOP: VIEW) 
display (VFD). These devices feature a serial data 
output to cascade additional devices for large 
display arrays. 


A 10-bit data word is serially loaded into the shift 
register on the positive-going transitions of the 
clock. Parallel data is transferred to the output 
buffers through a 10-bit D-type latch while the 
latch enable input is high and is latched when 
the latch enable is low. When the blanking input 
is high, all outputs are low. 


Outputs are totem-pole structures formed by NC—No internal connection 
n-p-n emitter-follower and double-diffused MOS 

(DMOS) transistors with output voltage ratings 

of 70 volts and 40 milliamperes source-current 

capability. All inputs are compatible with CMOS 

and TTL levels, but each requires the addition of 

a pull-up resistor to VDp when driven by TTL 

logic. 


The TL4810BI is characterized for operation 
from -—40°C to 85°C. The TL4810B is 
characterized for operation from O°C to 70°C. 


T BIDFET—Bipolar, Double-Diffused, N-Channel and P-Channel MOS transistors on same chip—patented process. 


PRODUCTION DATA documents contain information 

abc as of =e date. —— — ~ 4 
specifications per the terms of Texas Instrumen 

alert well . Production processing does not TEXAS 


necessarily include testing of all parameters. INSTRUMENTS 
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TL4810BI, TL4810B 
VACUUM FLUORESCENT DISPLAY DRIVERS 


logic symbolT logic diagram (positive logic) 
BLANKING 
LATCH ENABLE LATCH 
BLANKING '" ENABLE SHIFT 


REGISTER 
DATA IN 
CLOCK 


si9Auig Aejdsig Hes) 


SERIAL DATA OUT 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for the N package. 


SERIAL 
OUT 


FUNCTION TABLE 


CONTROL INPUTS 
SHIFT REGISTERS LATCHES OUTPUTS 
R1 THRU R10# LC1 THRU LC10 SERIAL Q1 THRU Q10 


Load and shift? Determined by Latch Enable R10 |Determined by Blanking 
No change Determined by Latch Enable § R10 j|Determined by Blanking 
10 


As determined above | Stored data R Determined by Blanking 

As determined above |New data R10 |Determined by Blanking 

As determined above | Determined by Latch Enable § R10 {AIL 

As determined above | Determined by Latch Enable § R10 |LC1 thru LC10 respectively 
H = high level, L = low level, X = irrelevant, T = low-to-high-level transition. 


t Register R10 takes on the state of R9, R9 takes on the state of R8 . . . R2 takes on the state of R1, and R1 takes on the state of the data input. 
§ New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 


i, 
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TL4810BI, TL4810B 
VACUUM FLUORESCENT DISPLAY DRIVERS 


typical operating sequence 


DATA IN VALID IRRELEVANT 


SR CONTENTS INVALID VALID 


LATCH = 
ENABLE 


OW 


” 
— 
LATCH PREVIOUSLY STORED DATA NEW DATA VALID $ 
CONTENTS 2 
a) 
BLANKING > 
& 
o. 
Q OUTPUTS VALID A 
Q 
schematics of inputs and outputs 
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
Vop Veg (Q OUTPUTS) 
Vpp (SERIAL OUTPUT) 
OUTPUT 
TEXAS ais 
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Bent, BUne VOL, 0 ale (ee WNOke 19 ce os Sled se PE SS Fi et ee teed Oe oso ee es sia 18 V 
eres I AAELTINISLAS SCORER MER gu a's, ka al ao aPad he SR Rae Ts leh Roe ee ex Ok oe ees 3 8s 7OV 
Me AO MRI Nf ye i cyst ohare cae ie WOE a oy ETE OO Fe Ne ee Suk dee Oe ee RN ew 7OV 
UME RR of eo s CU UC ain oe Sia SR es tee ER een ee eh ee tae -0.3 Vto Vpp + 0.3 V 
Continuous total dissipation at 25°C free air-temperature (see Note 2): 
BO OTE TOUT. STA ah Rane ena Pap pie Ora mE ESMOND ALS SPORT IEY Le, Fahy MBL Sieh Sha Sea eae og wr 1150 mW 
PMN IGPEEER  Se oeeamc 'n 3 9 6 BEARS lly Wise Me SRT RIRER BERD ” &, bie! a Me Amc ig addi og 875 mW 
3 Operating free-air temperature range: TL4810BI .................02002005. — 40°C to 85°C 
Perey = iis See CY oe i Ee ke eae Oot; 160: 70°C 
Sana ania SS ORCS SU ESE tN es a oe wa eee hs Ang sob Ohad plies pao —-65°C to 150°C 
 w Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................00405- 260°C 
a 
TS NOTES: 1. Voltage values are with respect to Vss. 
am’) 2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
< 
0 
= DISSIPATION DERATING TABLE 
< 
@ PACKAGE POWER DERATING ABOVE 
” RATING FACTOR Ta 
DW 1150 9.2 mW/°C Pa ed 
N 875 7.0 mW/°C 25°C 
recommended operating conditions 
TL4810BI TL4810B 
PARAMETER [MIN NOM MAX] MIN NOM MAX | UNIT 
: : for Vpp = 5 V 
High-level input voltage, Vip 
for Vpp = 15 V 
T The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltages only. 
y whe 
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VACUUM FLUORESCENT DISPLAY DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
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TL4810BI, TL4810B 
VACUUM FLUORESCENT DISPLAY DRIVERS 


electrical characteristics over recommended operating free-air temperature range, Vpp = 5 V to 15 V, 
Ves = 60 V, Vss = O (unless otherwise noted) 


TL4810BI TL4810B 
PARAMETER TEST CONDITIONST 
MIN TYP MAX | MIN TYP MAX 


High-level lon = —25 mA 57.5 58 58 
V output Vpp = 5 V, lon = —100 4 4.5 
OH ies Serial output DD On a 
voltage Vpp = 15V, Ion = —100 pA 14 14.7 14 14.7 
Low-level oH = 14A, Blanking input at Vpp| O51 
Vv =5V, | = 100 pA 
DD 


Vpp = 15V, lo. = 100 nA 


0.02 0.1 
Vo = 60 V, Blanking input at Vpp, 
2.5 3.7 


NIT 


VoL output 


3 


— 


oO 

SI 

on 
ad 


voltage 


0.02 
250 3.7 


Low-level Q output current} Ta = MIN to 70°C ad 
(pull-down current) Vo = 60 V, Blanking input at Vpp, 9 
Ta = 85°C 5 

IO(off) Off-state output current i th ae ere eee SOD) pat a1 | sro Sa wt A > 
ly High-level input current |V) = Vpp 30 50 A < 
Meeenee ee i 2 
lap Supply current from Vag m | O 

Pe ae 


All outputs high, Ta = —40°C Pigs yh ee ae ee 
All inputs at O V, 50 
One QO output high | Vpp = 15 V 10 100 10 100 


_ 
2) 


> 


Supply current from Vpp 


IDD 


5V 
All inputs at O V, Vpp = 5V 10 50 
All outputs low Vpop = 15 V 10 100 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Ta = 25°C, except for Io. 


Se 


timing requirements over recommended operating free-air temperature range 


= 


< 
= 


tsu(D Setup time, data before clock? 
thiD) Hold time, data after clockT 


tCKH-LEH Delay time, clock f to latch enable high 


switching characteristics, VpBgB = 60 V, Ta = 25°C 


PARAMETER MIN TYP MAX UNIT 


; R Vpop = 5V 
tod Propagation delay time, latch enable to output 
Vpp = 15 V 


4 
TEXAS anaes 
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TL4810BI, TL4810B 
VACUUM FLUORESCENT DISPLAY DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


le— twickH)—>} 


| ape am Vii 
CLOCK 50% 50% 
| VIL 


Apa. Shr Ss eR gas ae ee eae ViH 
50% LAST 
INPUT | : tw(LEH) 
he CKH-LEH—Df | 


| cee Vio 
— LATCH — — ViL 
vi" ENABLE 
KK Keon or KK VY aie: 2 
DATA XX 50% 50% X Ke OUTPUT 90%F- VALID 
VIL 
FIGURE 1. INPUT TIMING FIGURE 2. OUTPUT SWITCHING TIMES 
THERMAL INFORMATION 
DW PACKAGE DUTY CYCLE N PACKAGE DUTY CYCLE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
100 {\[N=1 to 6 9 
90 90 
SEER RS AY 
| 
@ 80 N ® 80 
Oo oO 
> 
=. 70 N 9 70 
a ra) 
E ga[ Yoo = 60 = eee ae AN 
E Sl Vop = 15V E lvpp = 15 V 
s loH = -—25 mA g lIoH = —25 mA 
50 lo. = 1 4A 50 loL = 1A 
N = Number of outputs high N = Number of outputs high 
All other outputs low All other outputs low 
40 40 
20: 35 46: 55 -66-)-75" .S6. 985: —100 25 35 45. 55 65 75.~85.° 95-700 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
FIGURE 3 FIGURE 4 
U 
TEXAS ay 
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-TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 


D2914, OCTOBER 1985—REVISED AUGUST 1986 


necessarily include testing of all parameters. 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


@ Drives Up to 20 Lines N 
DUAL-IN-LINE PACKAGE 
& 70-V Output Voltage Swing Capability (TOP VIEW) 
@ 40-mA Output Source Current Capability VepLI1 Vash) Vpp 
@ High-Speed Serially-Shifted Data Input SERIAL DATA OUTL]2 —.27| |DATA IN 
Q20L]3 261) a1 
@ CMOS-Compatible Inputs 019[ a 251] 02 
@ Direct Replacement for Sprague UCN5812A Q18[j5 =. 24, J Q3 
Q17[}eé 23] | 4 3 
description Q16{]7 = 22 Jas 
Sa Q15| |8 211 | Q6 
The Tage 2! and TL581 2 are monolithic 014f]}9 =. 20 a7 in 
BIDFET : integrated circuits designed to drive a Q13[]10 «191 Jas D 
dot matrix or segmented vacuum fluorescent 012[411 181 a9 2 
display (VFD). Each device features a serial data Q11ff12 17f]Q10 x 
output to cascade additional devices for large BLANKING[]13 16[}LATCH ENABLE (STROBE) 
display arrays. Vssft14 151] CLOCK & 
A 20-bit data word is serially loaded into the shift - 
register on the low-to-high transition of the clock FN PACKAGE A 
input. Parallel data is transferred to the output (TOP VIEW) 
buffers through a 20-bit D-type latch while the Eb 
Latch Enable input is high and is latched when re) 
the Latch Enable input is low. When the blanking < 
input is high, all outputs are low. - 
Zz 
The outputs are totem-pole structures formed by x a 
n-p-n emitter-follower and double-diffused MOS 2 ee Ss ee 
(DMOS) transistors with output voltage ratings OONn>> 00 
of 70 volts and a source-current capability of 40 4 TD 1 OB OL OF 
milliamperes. All inputs are CMOS compatible. aig 05 25f1Q2 
The TL5812I is characterized for operation from Qq1i7p6 241} Q3 
~40°C to 85°C. The TL5812 is characterized ai6p?7 23 a4 
for operation from 0°C to 70°C. ais ps8 22U} O5 
Q14 U9 211} O6 
Q13 10 20] a7 
Q12 1! 19[] as 
6 
fe © eee cae oe ET cas U2 ces 2 ee 
-O NOX TOO 
- [¢p) —_ 
of568 85° 
a. o.e 
be Y 
a Lu 
oe 
fea) 
< 
2 
lw 
x 
O 
lao 
= @ 
a | 
TBIDFET — Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip — patented process. 
PRODUCTION DATA documents contain information - Copyright © 1985, Texas Instruments Incorporated 
TOS pple egies Texas WP 
i} 
samen? warrant . Production processing does not EXAS 3-177 


TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 


logic symbolT 


CMOS/VAC 
FLUOR DISP 


BLANKING 


LATCH 
ENABLE 


CLOCK 


3 


DATA IN Qi 


Q2 


Q10 
Qi1 


Q19 
Q20 


SERIAL 
OUT 


siaaug Aejdsig 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


logic diagram (positive logic) 


BLANKING 
LATCH ENABLE 


SHIFT 
REGISTER 

DATA IN 
CLOCK 


16 STAGES 
(Q3 THRU Q18) 
NOT SHOWN 


SERIAL OUT 


eee TEXAS ti 
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TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 


FUNCTION TABLE 


CONTROL INPUTS 


OUTPUTS 
FUNCTION 
LC1 THRU LC20 | SERIAL Q1 THRU Q20 


Not . Xx No change Latch Enable R20 | Blanking 
Xx H X As determined above} New data R20 | Blanking 
Xx Xx L R20 |LC1 thru LC20, respectively 


SHIFT REGISTER 
R1 THRU R20 


LATCHES 


3 


As determined above Latch Enable 


H = high level, L = low level, X = irrelevant, T = low-to-high-level transition. 


+R20 takes on the state of R19, R19 takes on the state of R18,. . .R2 takes on the state of R1, and R1 takes on the state of the data input. ” 
8New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. : 
. « s ~ 
typical operating sequence QO 
o 
CLOCK — 
LWUU UU ee 
2 
DATA IN VALID IRRELEVANT 
SS TERE ORES | RE es. 
CONTENTS INVALID VALID 
LATCH 
ENABLE 
LATCH 
N ATA V 
CONTENTS PREVIOUSLY STORED DATA EW DAT ALID 
BLANKING 


Q OUTPUTS VALID 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Q OUTPUTS TYPICAL OF SERIAL OUTPUT 


Vcc1 Vcc2 Vcc1 


OUTPUT 


EXAS 4% wie 
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TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 


absolute maximum ratings over free-air operating temperature range (unless otherwise noted) 


SONY MONE MT SOE ROG INOUO 99s ac so c0-s dace be es bo ey we eee ate es sy 15 V 
BeNOR iT CP NEN E e a hs 8 og en aca as CAR oo, & ae TAREE DE EE te ie doe 7OV 
Spee N PTI NCRN NENA ON een kang es ek bo 1p Ep bh a i ie Ee eee rn ae ates Seen 7OV 
MENRUIS TL SPGIOUNENEE SUNG ee ta Gig ed ag eae @ a a ee a As. oe eae eee -—0.3 V to Vpp+0.3 V 
RR NOItsO CLIT UNO ar ree Bi ay igor e eid a eo che = SO ed ee ee -40 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2): 

Bg DS TIRES ote AC ig Aa eta at st EG op nis an ne ea me RO es 1150 mW 

op sla) Spiga es ae teas Se re ates oe SoM AL. Waa itasyon +: QA CMrainin: CX SNe Soghtats Werth 9 cake. tet 1400 mW 
Operating free-air temperature range: 

ce 3 So Sara Cece ee ea on eam G gene” See ie Ret eaeeen, © LAGE oem Ch an peo —40°C to 85°C 

RRR hs Pie cS sais ak Locka a ea Gee a S ke o ET, Ohad yoke a eae O2C-to-70°C 
PLCC TOIMDOT UE TANGO: fo 5-5-5 ta osc ep ace «Fy Ree kN EE Pes KS -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................0000% ZouUrC 


NOTES 1. All voltage values are with respect to Vss. 
2. For operation above 25°C free-air temperature, derate the N package linearly to 598 mW at 85°C or to 736 mW at 70°C 
at the rate of 9.2 mW/°C. Derate the FN package to 728 mW at 85°C or to 896 mW at 70°C at the rate of 11.2 mW/°C. 


recommended operating conditions 


Supply voltage, Vss 


High-level input voltage, Vijy Vpp-1.5 
Low-level input voltage, Vj, +0; 


High-level output current, Io 


TL581 21 


Operating free-air t erature, T 
perating free-air temperatur A TL5812 0 


T The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels. 


electrical characteristics over operating free-air temperature range, VDp = 5 V to 15 V, Veg = 60 V 
(unless otherwise noted) 


IOH = —25 mA 


Yoo =5V. oH = ~20#A v 

Yoo = 18V, lon = ~20 HA 

lol = 1 mA, Blanking at Vpp 

Yop =5V. lor = 207A v 

Yoo = 18 V, lo, = 204A 

fig: Agpevanmtnwent sy | We vee, ee WA 
i 

LA | 


I Vi = VoD 

iL Lowlevel Input curren 
lo Low-level output current (pull down current) | Vo = 60 V, Blanking at Vpp =| 2.5 3.2 | m 
lOloff) Off-state output current Vo = 0, Blanking at Vpp uA 


H 
IL 
L 
Outputs high Ceres RE 
pee ee eee 002 0.8 | ™ 
IDp Supply current from Vpp as 15 V 7 4 mA 


T All typical characteristics are at Ta = 25°C. 
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TL58121, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 


timing requirements over operating free-air temperature range 


PARAMETER 


V 

twCKH Pulse duration, clock high a 
VD 

twLEH Pulse duration, latch enable high VD ore 
VD 

tsuD Setup time, data before clockT Vop 2 15 V 
V 

Hold time, data after clockT DD ~ 

VDD = 


VDD = 
VDD = 


5 V 


ee 
= 
Bags 
5 Bie 
D = 


tCKH-LEH Delay time, clockT to latch enable high 


switching characteristics, VgBB = 60 V, Ta = 25°C 


PARAMETER 


Propagation delay time, Vpop = 5V 


t 
pa latch enable to output Vpp = 15 V 


n 
ben 
© 

2 
Bem 

O 
> 

& 
a. 

A 

QO 


CLOCK 
| 
| 
VIH 
DATA 50% 50% 
VIL 
FIGURE 1. INPUT TIMING 
CLOCK ‘ 
\ 
| <i 
K¢tCKH-LEH > 
—twLEH > 
| 
LATCH 
ENABLE 
90% 
OUTPUT VALID 


FIGURE 2. OUTPUT SWITCHING TIMES 
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TL5812I, TL5812 
VACUUM FLUORESCENT DISPLAY DRIVERS 


THERMAL INFORMATION 
DUTY CYCLE 


vs 
FREE-AIR TEMPERATURE 


Maximum Duty Cycle—% 


siaaug Aejdsig we 


Vpp = 15 V 


0 
20 30 40 50 60 70 80 90 100 
Ta—Free-Air Temperature — °C 


FIGURE 3 
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Each Device Drives 10 Lines 


60-V Output Voltage Rating 


CMOS-Compatible Inputs 


Latches on All Driver Outputs 


Sprague UCN4810A 


40-mA Output Source Current 
High-Speed Serially-Shifted Data Input 


Designed to be Interchangeable with 


UCN4810A 
VACUUM FLUORESCENT DISPLAY DRIVER 


D2676, OCTOBER 1982—REVISED NOVEMBER 1986 


N 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


3 


description = 
The UCN4810A is a monolithic BIDFETT integrated circuit designed to drive a dot matrix or segmented 4 
vacuum fluorescent display (VFD). This device features a serial data output to cascade additional devices Q 
for large display arrays. > 
A 10-bit data word is serially loaded into the shift register on the positive-going transitions of the clock. rot 
Parallel data is transferred to the output buffers through a 10-bit D-type latch while the latch enable input a2) 
is high and will be latched when the latch enable is low. When the blanking input is high, all outputs are low. an) 
Outputs are totem-pole structures formed by n-p-n emitter-follower and double-diffused MOS (DMOS) 
transistors with output voltage ratings of 60 volts, and 40 milliamperes source-current capability. All 
inputs are compatible with CMOS and TTL levels, but each requires the addition of a pull-up resistor to 
Vpp when driven by TTL logic. 
The UCN4810A is characterized for operation from O°C to 70°C. 
logic symbol* logic diagram (positive logic) 
BLANKING 
LATCH 
LATCH NAGS ENABLE SHIFT 
BLANKING REGISTER LATCHES 
DATA IN 
CLOCK CLOCK 
parain“41fi5 [205 3} 2) a1 
Q2 
Q3 
a4 6 STAGES 
a5 (Q3 THRU Q8) 
NOT SHOWN 
Qé 
Q7 
as 
ag 
Q10 
SERIAL DATA OUT 
SERIAL OUT 
T BIDFET - Bipolar Double-Diffused, N-Channel and P-Channel MOS transistors on same chip — patented process. 
+ This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
PRODUCTION DATA documents contain information zs Copyright © 1982, Texas Instruments Incorporated 
a as of pager date. +4 saan concurs = Ti 4 
specifications per the terms of lexas Instruments 
standard warrant . Production processing does not EXAS 3-183 


necessarily include testing of all parameters. 
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UCN4810A 
VACUUM FLUORESCENT DISPLAY DRIVER 


FUNCTION TABLE 


NTROL INPUTS 
nee SHIFT REGISTERS LATCHES OUTPUTS 
Jota CLOCK ripaliet gee cae R1 THRU R10 LC1 THRU LC10t 
ENABLE | ING SERIAL Q1 THRU 010 


LOAD tT Xx Xx Load and shift* Determined by Latch Enable? | R10* |Determined by Blanking 
No f Xx No change Determined by Latch Enable’ | R10 |Determined by Blanking 


Xx x 
Xx As determined above | Stored data R10 |Determined by Blanking 
X As determined above | New data R10 |Determined by Blanking 
As determined above | Determined by Latch Enable R10 {AIL 
As determined above | Determined by Latch Enable? | R10 |LC1 thru LC12 respectively 
H = high level, L = low level, X = irrelevant, T = low-to-high-level transition. 


T New data enter the latches while Latch Enable is high. These data are stored while Latch Enable is low. 
*R10 takes on the state of R9, RQ takes on the state of R8 . . . R2 takes on the state of R1, and R1 takes on the state of the data input. 


typical operating sequence 


DATA IN VALID IRRELEVANT 


9 
” 
os 
® 
<< 
0 
=e 
< 
@ 
=| 
” 


SR CONTENTS INVALID VALID 
LATCH mM 
ENABLE 
LATCH 
PREVIOUSLY STORED DATA NEW DATA VALID 
CONTENTS 
BLANKING 


Q OUTPUTS VALID 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
VBB 


OUTPUT 
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UCN4810A 

VACUUM FLUORESCENT DISPLAY DRIVER 

sree sami a 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LGni SUD MUMONAOG, “Winty 1000 MNOLG E) v5. sc ack cies. co oS ames sa be bee yee es 18 V 
Bare ia yy ge oli. Sits Rees aaa a aia cer hal GO rethae eae ener Ts ect ee DeR Eanes BEN Se be kane hen 60 V 
OO Gee SNe ieee NE EAP e eR Ey ae nT ary etre Eee Neate oe ei hen ca 60 V 
SUSE: MERE or sica e o) Soe ee ata Se Soe condone AE ac ae TE, Ok ee -—0.3 V to Vpp +0.3 V 
CGMUMUOEES OURO CLITOM Gai ois o>) sd oety a erase baer te a kes how oak da i oe Bn EE ae —40 mA 
Continuous total dissipation at 25°C free-air temperature (see Note 2)............... 1150 mW 
Operating: free-air temperature fange= . 6g ee i on ee eS O°C to 70°%E 
Setter ROMMEUCOTUINGCMINCIE: 3 5 5. SCS nk hny Gok eas ow os Oe ae a ee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................000% 260°C 


NOTES: 1. Voltage values are with respect to Vss. 
2. For operation above 25°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


ee a gy Seg ne eee oe 
Supply voltage, Vpp 4.75 15.75 
Supply voltage, VEB Pb ee 
Supply voltage, Vss Po ee 


: : for Vpp = 5V 3.5 5.3 
High-level input voltage, Vjy mary, 15V 135 153 V 
or VoD = 
Low-level input voltage, Vj, —0.3T 0.8 


Continuous high-level output current, IOH 
Operating free-air temperature, Ta 


Tt The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 


electrical characteristics, VDp = 4.75 V to 15.75 V, Vep = 60 V, Vss = 0, Ta = 25°C (unless 
otherwise noted) 


V 
Vo = 60 V, Vv = OV, 

lO(off) Off-state output current 2 : 35 pA 
All other terminals open, Ta = 70°C 
Vop = 8V, =) eS oe 

| High-level input current DD mA 
Vop = 18 V, Vi= 18 V 


Vo Low-level output voltage lo. = 1 BA, Blanking input at Vpp 
lo = 
IH 

Vop = 5V Po eee 
S 
B 


: 
Low-level output current 
é oO = 60V, Blanking input at Vpp 0.4 0.85 mA 
(pull-down current) 


Vpp = 15 V Pe ae 
All outputs high 
All inputs at 0 V, BG SNe ye eS 
. 
All inputs at 0 V, 


L 
Li 
B 


Supply current from Vpp 


IDD 
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UCN4810A 
VACUUM FLUORESCENT DISPLAY DRIVER 


timing requirements for Vpp = 5 V and Vpp = 15 V, Ta = 0°C to 70°C 


Vv =5V Vv =15 V 
esas hes sel 


Pulse duration, clock high, tw(CKH) todo: aaa Tons | 
Pulse duration, latch enable high, tw(LEH) ae aS 
Setup time, data before clock Tf, tsy(p) Se 2: Sie 


Hold time, data after clock 1, thip) 
Delay time, clock Tf to latch enable high, tcKH-LEH 


switching characteristics, Vpp = 5 V or 15 V, Ta = 25°C 


PARAMETER MIN TYP MAX UNIT 
tod Propagation delay time, latch enable to output See Vee ee 


3 


PARAMETER MEASUREMENT INFORMATION 
Ke-—— tw(CKH) —4 
| 


| 
| cha. ee CLOCK Char 
INPUT LAST 
CLOCK 1 PULSE 
lq . iin ke— tCKH-LEH PI 
) 7 


| ViH ; tp 
“lee: C8 1s) eases: 


FIGURE 1. INPUT TIMING ; FIGURE 2. OUTPUT SWITCHING TIMES 


siaAug Aejdsig 


THERMAL INFORMATION 


DUTY CYCLE 
vs 
FREE-AIR TEMPERATURE 


Duty Cycle—% 


N = Number of outputs conducting 
simultaneously 

lo = 25 mA 

Vep = 60 V 

Vpp = 15 V 


0 
25 30 35 40 45 50 55 60 65 70 75 
Ta—Free-Air Temperature — °C 
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Cross-Reference Guide 
Data Sheets 


Cross-Reference Guide 
Data Sheets Ve 


Cross-Reference Guide 
Data Sheets 


a 


LINE DRIVERS AND RECEIVERS 
CROSS-REFERENCE GUIDE 


CROSS-REFERENCE GUIDE 
(manufacturers arranged alphabetically) 


Replacements were based on similarity of electrical and mechanical characteristics as snown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained in this list. 


SUGGESTED PAGE SUGGESTED PAGE 
AMD Tl REPLACEMENT NO. ee Tl REPLACEMENT NO-= = 
AM26LS31C AM26iS31C 4-5 pA9637AC uA9637AC 4-529 
AM26LS$32C AM26LS32AC 4-13 yA9637AM uA9637AM 4-529 
AM26LS33C AM26LS33AC 4-13 uA9638C uA9638C 4-535 
AM26$10C AM26$10C 4-23 pA9639AC uA9639C. 4-539 
AM26S10M AM26S10M 4-23 wA9640C AM26S10C 4-23 
AM26S11C AM26S11C 4-23 1A9640M AM26S10M 4-23 
AM26S11M AM26S11M 4-23 wA9641C AM26$11C 4-23 
yA9641M AM26S11M 4-23 ns 
SUGGESTED PAGE _ 
i hd Tl REPLACEMENT NO. eae 4 SUGGESTED PAGE = 
pA1488C SN75188 4-391 Tl REPLACEMENT NO. = 
wA1489AC SN75189A 4-397 AM26LS31 AM26LS31C 4-5 O 
yA1489C SN75189 4-397 AM26LS32 AM26LS32AC 4-13 oO 
pA26LS31C AM26LS31C 4-5 MC1488 SN75188 4-391 cc 
pA26LS32C AM26LS32AC 4-13 MC1489 SN75189 4-397 A 
yA3486C MC3486 4-47 MC1489A SN75189A 4-397 o 
wA3487C MC3487 4-53 MC26S10 AM26S10C 4-23 > 
yA55107AM SN55107A 4-73 MC26S11 AM26S11C 4-23 - 
»A55107BM SN55107B 4-73 MC3446A MC3446 4-31 Q 
yA55108AM SN55108A 4-73 MC3450 MC3450 4-35 ® 
yA55108M SN55108B 4-73 MC3452 MC3452 4-35 <£ 
»A55110M SN55110A 4-89 MC3453 MC3453 4-43 al 
yA55121M SN55121 4-143 MC3481 SN75ALS126 4-43 
yA55122M SN55122 4-147 MC3485 SN75ALS130 4-43 
wA75107AC SN75107A 4-73 MC3486 MC3486 4-47 
wA75108AC SN75108A 4-73 MC3487 MC3487 4-53 
wA75108BC SN75108B 4-73 MC55107 SN55107A 4-73 
wA75108C SN75107B 4-73 MC55108 SN55108A4-73 
wA75110C SN75110A 4-89 MC75107 SN75107A 4-73 
wA75150C SN75150 4-205 MC75108 SN75108A 4-73 
wA75154C SN75154 4-237 MC75125 SN75125 4-163 
pA8T13C SN75121 4-143 MC75127 SN75127 4-163 
yA8T13M SN55121 4-143 MC75128 SN75128 4-169 
pA8T14C SN75122 4-147 MC75129 SN75129 4-169 
wA8T14M SN55122 4-147 MC75140 SN75140 4-191 
pA8T23C SN75123 4-153 MC75$110 SN75110A 4-89 
pA8T24C SN75124 4-157 SN75172 SN75172 4-319 
wA9614C SN75114 4-113 SN75173 SN75173 4-327 
wA9614M SN55114 4-113 SN75174 SN75174 4-335 
nu A9615C SN75115 4-121 SN75175 SN75175 4-343 
yA9615M SN55115 4-121 SN75176 SN75176B 4-351 
wA96172C SN75172 4-319 SN75177 SN75177B 4-361 
uA96173C SN75173 4-327 SN75178 SN75178B 4-361 
wA96174C SN75174 4-335 
wA96175C SN75175 4-343 
»A96176 SN75176B 4-351 
uA96177 SN75177B 4-361 
yA96178 SN75178B 4-361 
pA9636AC uA9636AC 4-523 
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LINE DRIVERS AND RECEIVERS 
CROSS-REFERENCE GUIDE 


4 


W/S49ANg eUury 


SIDAIBISO 


NATIONAL 


DS1488 
DS1489 
DS1489A 
DS26LS31 
DS26LS32 


DS26LS32M 
DS26LS33C 
DS26LS33M 


DS26S10C 


DS26S10M 


DS26S11C 


DS26S11M 


DS3486 
DS3487 
DS55107 
DS55108 
DS55109 
DS55110 
DS55113 
DS55114 
DS55115 
DS55121 
DS55122 
DS75107 
DS75108 
DS75109 
DS75110 
DS75113 
DS75114 
DS75115 
DS75121 
DS75122 
DS75123 
DS75124 
DS75125 
DS75127 
DS75128 
DS75129 
DS75150 
DS75154 
DS75207 
DS75207 
DS75208 
DS75208 
DS75108 
DS7820A 
DS78220 
DS7830 
DS8820 
DS8820A 
DS8830 


SUGGESTED 
Tl REPLACEMENT 
SN75188 
SN75189 
SN75189A 
AM26LS31C 
AM26LS32AC 
AM26LS32AM 
AM26LS33AC 
AM26LS33AM 
AM26S10C 
AM26A10M 
AM26$11C 
AM26S11M 
MC3486 
MC3487 
SN55107B 
SN55108 
SN55109A 
SN55110A 
SN55113 
SN55114 
SN55115 
SN55121 
SN55122 
SN75107B 
SN75108B 
SN75109A 
SN75110A 
SN75113 
SN75114 
SN75115 
SN75121 
SN75122 
SN75123 
SN75124 
SN75125 
SN75127 
SN75128 
SN75129 
SN75150 
SN75154 
SN75207B 
SN75207 
SN75208 
SN75208B 
SN75108B 
SN55182 
SN55182 
SN55183 
SN75182 
SN75182 
SN75183 


SIGNETICS 


8T125 
8T126 
81127 
8T128 
8T129 
8T13 
8T14 
8T23 
8T24 
8T26 
DM7820 
DM7830 
DM8820 
DM8830 
MC1488 
MC1489 
MC1489A 
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SUGGESTED 
Tl REPLACEMENT 


SN75125 


SN75ALS1 26 


SN75127 


SN751284-169 


SN75129 
SN75121 
SN75122 
SN75123 
SN75124 
N8T26 
SN55182 
SN55183 
SN75182 
SN75183 
SN75188 
SN75189 
SN75189A 


AM26LS31M, AM26L$31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


. D2433, JANUARY 1979—REVISED OCTOBER 1986 


Meets EIA Standard RS-422-A AM26LS31M .. . J PACKAGE 
AM26LS31C ...D, J, OR N PACKAGE 


Operates from a Single 5-V Supply (TOP VIEW) 


TTL Compatible 


Complementary Outputs 


High Output Impedance in Power-Off 
Conditions 


® Complementary Output Enable Inputs 


description 
The AM26LS31M and AM26LS31C are AM26LS31M .. . FK PACKAGE 
quadruple complementary-output line drivers (TOP VIEW) 


designed to meet the requirements of EIA 
Standard RS-422-A and Federal Standard 1020. 
The three-state outputs have high-current 


> Oo Od 

Se 

CES y SS eS ff eS Be 
capability for driving balanced lines such as 372819 


twisted-pair or parallel-wire transmission lines, 1Z1]4 18 |] 4Y 
and they provide a high-impedance state in the ENABLE GI] 5 17[] 4Z 
power-off condition. The enable function is Nc {]6 16[] NC 
common to all four drivers and offers the choice 271)7 15[] ENABLE G 


of an active-high or active-low enable input. 2Y 118 
Low-power Schottky circuitry reduces power 
consumption without sacrificing speed. 


14 3Z 


9 

exe Bom Tce U see UO com 

<- OG <! . 
NZ20M0 


The AM26LS31M is characterized for operation O 
over the full military temperature range of led het Sa 
~55°C to 125°C. The AM26LS31C is pen ee, Senet 


characterized for operation from O°C to 70°C. 
FUNCTION TABLE (EACH DRIVER) 


logic symbolt INPUT | ENABLES | OUTPUTS 
(Ws BR: Ea 


QO! © 


1A = high level 


H 

L = low level 
X = irrelevant 
Z = 


2A high impedance (off) 


3A 


4A 


tT This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 


PRODUCTION DATA documents contain information iH Copyright © 1979, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not | 4-5 
necessarily include testing of all parameters. NST RUM ENTS 
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AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


(RSS EE ERA SRS DS EEA DS STEN OE i LSE A I NT ITNT TERE SISTER TA RIT TEED REISS BS SEEN AE ES ARES OE TSE SA EEE 


logic diagram (positive logic) 


r. 

be: | 

ra] Pin numbers shown are for D, J, and N packages. 

9 schematic (each driver) 

7 INPUT A 
=| 

” 

— 

a 

@ 

© 
@. 

< 

@ 

= 

~” 


ciate 


; A? if +H, 
gee rir PP) jeutze i: 


R: is GER 
VY 
TO THREE 
22 kQ ped OTHER 
ENABLE DRIVERS 
: ae 
ENABLE ; wee | 


G 


| 

aed : 

GROUND | 
| 
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AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Output off-state voltage 


Continuous total dissipation at (or below) 25°C free-air temperature 
(see Note 2) 


[Case temperature for 60 seconds: Fk package ——SOSCSC~C~—“—~*~“‘“~*S*~*~‘“‘“‘~‘~sSC‘“‘iCSSCSCSC*dSC 


NOTES: 1. All voltage values, except differential output voltage Vop, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. !n the J package, 
AM26LS31M chips are alloy mounted and AM26LS31C chips are glass mounted. In the N package, use the 9.2-mW/°C curve 

for these devices. 


recommended operating conditions 


Supply voltage, Vcc 4. 


n- 
tee 
o 

x 
a 
O 
® 

co 

— 
o 
ee 
o 
> 

me 

a) 
o 

B 

ee 


7 |_| 


TEXAS 4 x 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ie 


AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


electrical charcteristics over operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS? MIN TYP# MAX | UNIT 
| | Vik Input clamp voltage Vcc = MIN, |) = -18mA V 
VOH_ High-level output voltage Vcc = MIN, Ion = -—20 mA 


lor = 20 mA 
Vo = 0.5V 
Vo=28V 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V and Ta = 25°C. 
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Le _ switching characteristics, Vcc = 5 V, TA = 25°C 
; = PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
oO Seu Froesganan delay time, 14 20 
a low-to-high-level output 

< Propagation delay time, Ci = 30 pF, See Figure 1, S1 and S2 open 

3) tPHL : 14 20 

Oo high-to-low-level output 

> Output-to-output skew Pe eee 6 be 
@ tpzH Output enable time to high level CL = 30 pF, RL = 7502, See Figure 1 ees Se es 
. _ | tpz_ Output enable time to low level CL = 30 pF, RL = 1809, See Figure 1 37 45] ns | 
ide t Output disable time f high level 21 30 
= HZ = = aa dis —— = _— Ci = 10 pF, See Figure 1, S1 and S2 closed 33 36 ner 
ES | [peuz — our deste time rom fow ev anaes 
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AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


— — — — — — BV 
INPUT A 1.3V 1.3V 
| | Ov 


(See Note B) | | 
le—tpern—ol IPL 
| 


Si. == Vou 


OUTPUT Y | | 


Skew —p] ms ae 44-31 


| 


OUTPUT Z 1.5V 


— —VOL 


PROPAGATION DELAY TIMES AND SKEW 


ENABLE G Pe Ee ae ae an ea. 3V 
1.5 VK (See Note C) #15 Vv 
ENABLE G-——/ | fe de eee ee ee aoe am ow oe () 


” 
—_ 
® 
}¢——- tpz__——ol tpLz-l¢—_—» 2 
pol ee ee | {| $1 CLOSED S 
WAVEFORM 1 S1 CLOSED 15 | S2 CLOSED ree 4 
(See Note D) | S2 OPEN | - _¥ c 
—— + —-—-VoL 
| ” 
}¢—— tpzH tpHz+¢——} 0.5 v + 0.5 V D 
omeecoremati:. —¥ ——-~ Von x 
WAVEFORM 2 S1 OPEN 1.5V =1.5V a 

(See Note D) $2 CLOSED ov $1 CLOSED 
ie a ee $2 CLOSED Bb 
= 
ENABLE AND DISABLE TIMES ail 

VOLTAGE WAVEFORMS 
POINT 
180 2 
FROM OUTPUT $1 
UNDER TEST 
CL 7509 
(See Note me S2 
TEST CIRCUIT 


NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zoyt = 500, tr = 15 ns, 
and t¢ <= 6 ns. 
B. When measuring propagation delay times and skew, switches S1 and S2 are open. 
C. Each enable is tested separately. 
D. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
E. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES 
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AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICST 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 


rf > 
| 
2 2 
$ $ 
6 6 
| 
i Load = 470 0 2 
to Ground Load = 4702 
See Note 3 to Ground 
See Note 3 
V;—Enable G Input Voltage—V Vi—Enable G Input Voltage—V 
FIGURE 2 FIGURE 3 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 
Load = 470 2 to Vcc 
Ta = 25°C 
See Note 4 
. 7 
$ S 
: a 
| 
(2) 
S $ 


V;—Enable G input Sane rare G Input Voltage—V 


FIGURE 4 FIGURE 5 


t Data for temperature below 0°C and above 70°C are applicable to AM26LS31M circuits only. 
NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSt 


HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VOH—High-Level Output Voltage—V 
i) 


Vcec = SV 


- See Note 3 See Note 3 


0 
-~75-50 -25 0O 25 50 75 100 125 0 -20 -40 — 60 -80 - 100 
Ta—Free-Air Temperature — °C loH—High-Level Output Current—mA 
FIGURE 6 FIGURE 7 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 


Ta = 25°C 
See Note 4 


VoL_—Low-Level Output Voltage—V 
VoL—Low-Level Output Voitage—V ; 


lo. = 40 mA 
See Note 4 
-75 -50 -25 0 25. 50 .75 -100 125 0 20 40 60 80 100°- 1420 
Ta—Free-Air Temperature — °C lo_—Low-Level Output Current—mA 
FIGURE 8 FIGURE 9 


TData for temperature below O°C and above 70°C are applicable to AM26LS31M circuits only. 
NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 


Line Drivers/Receivers 
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AM26LS31M, AM26LS31C 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSt 


Y OUTPUT VOLTAGE . Y OUTPUT VOLTAGE 
vs vs 
DATA INPUT VOLTAGE DATA INPUT VOLTAGE 


No Load 


Ta = 25°C 


ee as ee es 


4 Ta = 125°C 
> 7 
® D 
& = 3 
S : 
s | 
= = ; 
6 ° 
oO ° 
> > 

1 

) 

) 1 2 3 

V,—Data Input Voltage—V V\— Data Input Voltage—V 
FIGURE 10 FIGURE 11 


TData for temperature below 0°C and above 70°C are applicable to AM26LS31M circuits only. 
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AM26LS32A Meets EIA Standards AM26LS32AM, AM26LS33AM .. . J PACKAGE 


RS-422-A and RS-423-A AM26LS32AC, AM26LS33AC ... D, J, OR N PACKAGE 
(TOP VIEW) 


@ AM26LS32A has + 7-V Common-Mode 
Range with +200-mV Sensitivity 


@ AM26LS33A has + 15-V Common-Mode 
Range with +500 mV Sensitivity 


@ Input Hysteresis ...50 mV Typical 
@ Operates from a Single 5-V Supply 
® Low-Power Schottky Circuitry 
+ 2 eee ips AM26LS32AM, AM26LS33AM . . . FK PACKAGE 
® Complementary Output Enable Inputs (TOP VIEW) 
@ Input Impedance... 12 kQ Min pee 9 Se 
® Designed to be Interchangeable with SOIC CIT 
Advanced Micro Devices AM26LS32C and aa nee 
AM26LS33C 1¥ 1} 4 18[] 4A 
G5 17] 4Y 
description NC6 '6(7NC 
2Y¥ ii? 15[] G 
The AM26LS32A and AM26LS33A are 2Ans 1411 3Y 


quadruple line receivers for balanced and 
unbalanced digital data transmission. The enable 
function is common to all four receivers and 
offers a choice of active-high or active-low input. Oo 
Three-state outputs permit connection directly 
to a bus-organized system. Fail-safe design 
ensures that if the inputs are open, the outputs 
will always be high. 


Compared to the AM26LS32C and the AM26LS33C, the AM26LS32A and AM26LS33A incorporate an 


9 

BES BARGE Cr 1 awe 
mamaaqod cd 
OE ae ee 09 


NC—No internal connection 


D2434, OCTOBER 1980—REVISED SEPTEMBER 1986 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


n 
dno 
o 

x 
® 
a) 
® 

c 

— 
a 
Sona 
o 

= 
bee 

Q 
® 

= 

ish 


additional stage of amplification to improve sensitivity. The input impedance has been increased resulting | 
in less loading of the bus line. The additional stage has increased propagation delay; however, this will 


not affect interchangeability in most applications. 


The AM26LS32AM and the AM26LS33AM are characterized for operation over the full military temperature 
range of —55°C to 125°C. The AM26LS32AC and AM26LS33AC are characterized for operation from 
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0°C. to -7O°C. 
FUNCTION TABLE (EACH RECEIVER) 
DIFFERENTIAL ENABLES 
oF OUTPUT 
INPUT G G 
H = high level, L = low level, X = irrelevant 
Z = high impedance (off), ? = indeterminate 
PRODUCTION DATA documents contain information q Copyright © 1980, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not | 
necessarily include testing of all parameters. NST RUMENTS 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


logic symbolt logic diagram (positive logic) 


(4) 


G G 
rel G (12) 
1A 
1A 1Y 
1B 1B 
2A 
2A 
2B 2Y 
3A 2B 
3B 
4A 3A 
mf 
4B 3B 
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. aA me 
- Pin numbers shown are for D, J, and N packages. 4B 
® 
schematics of inputs and outputs 
0 
ane 
. EQUIVALENT OF EACH EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL OUTPUTS 
P DIFFERENTIAL INPUT 
EY 
Vv 
fon cc 
2) 
©, 
< 
@ 
= 
” 


ENABLE 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


AM26LS32AM AM26LS32AC 
os ee ee rae ee 


ar 


Continuous total dissipation at (or below) 
eRe. See ee Se 


Lead temperature 1,6 mm (1/16 inch) 
D or N package 
from case for 10 seconds 
Case temperature for 60 seconds FK package 
Lead temperature 1,6 mm (1/16 inch) 
i J package 300 
from case for 60 seconds 
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltage values are at the noninverting (A) input terminals with respect to the inverting (B) input terminals. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, 


AM26LS32AM and AM26LS33AM chips are alloy mounted and AM26LS32AC and AM26LS33AC chips are glass mounted. 
In the N package, use the 9.2 mW/°C curve. 


25°C free-air temperaure (see Note 3) 


recommended operating conditions 


AM26LS32AM AM26LS32AC 
AM26LS33AM AM26LS33AC UNIT 
0.20 


Supply voltage, Vcc 4.5 5 5.5 , 5 


Line Drivers/Receivers 


High-level input voltage, Vij 2 
Low-level input voltage, Vi. 


AM26LS32AM, AM26LS32AC 
Common-mode input voltage, Vic AM26LS33AM, AM26LS33AC 


Operating free-air temperature, Ta 
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y ‘ : 


ij ; ; ) } H ‘ . | : } } 
; . if 7 , 


Pee ee ye mee. bg es 
ese! AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
pe QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


electrical characteristics over recommended ranges of VCC, Vic. and operating free-air temperature 


(unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Differential input + SSS Pe NN LL en Ea ee % 
= min, a 
high-threshold voltage a da OH "(AM2BESS0A ft sl brie OB | 
S St Go Bee 


V 
Vv 
Vv 


Differential input ey. Agi Ain AM26LS32A -0.2+ = 
O = . 2 = 
low-threshold voltage AM26LS33A 
Enable input clamp voltage ee ae eS 
7B2AM, SSAM =|] 28) 
V 


H 
L 
K 
V High-level output voltage 
L 
Z 
Ss 


Off-state (high-impedance-state) Voc = MAX Vo = 2.4 V ia ee ere = 


| = 
| = 


T - 
+ 
I 
0 igh- zs 
Vec= MIN, Vip=—TV, io=4ma | OA | 
Vo Low-level output voltage ce p vt ES Vv 
ViG) = 0.8 V iol = 8 mA 


lo 
; Vy = 18'V, Other input at —-10 V to 15 V ieESP ESOS A 

ly Line input current - mA 
i Vi = -15V, Other input at -15 V to 10 V -1.7 
> 
ee ad NH High-level enable current Vi = 2.7 V iB eS hx Ss ee 
ee Ne Low-level enable current Vi = 0.4V 

= Vic = —18 Vt 16 V, One input to AC ground 15 

; @ lo Short-circuit output current Vcc = MAX | -15 = -85 | mA_ | 
Sat = Icc Supply current Vcc = MAX, _ All outputs disabled 52 70 

 @ T All typical values are at Vcc = 5 V, Ta = 25°C, and Vic = O. 

© + The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold 
Tea Se, levels only. 
- 8 Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

| PP V7 —. See Figures 10 and 11. 


{Not more than one output should be shorted at a time. 


' switching characteristics, VCC = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
t Propagation delay time, low-to-high-level output 20 35 
Put Y 2 : Ci = 15 pF, See Figure 1 Laas 
orow: Z 35 [ns 
7 mee 
2 
6) 


tpH_ Propagation delay time, high-to-low-level output 

t Output enable time to high level 
mee = - - Ci = 15 pF, See Figure 1 

tpz_ Output enable time to low level 

t Output disable time from high level bans BeOS 2 RES 
PHZ p g Ci = 5 pF, See Figure 1 


tp_z Output disable time from low level 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


eas ME a EO SE ne erences met ee: alas +2.5V 
Rp = 2 kQ 
INPUT 
dt | | -2.5V 
FROM OUTPUT tpLy —}¢—> }¢$——>— tpH 
UNDER TEST See Note B | fe 
CL OUTPUT 
See Note A Vv 
OL 
— th $1 and $2 closed 
= VOLTAGE WAVEFORMS FOR tp, y. tpHL 
TEST CIRCUIT 
> Ke <5ns —-> <5ns —> <5ns —pi ie<5ns 


90% 


ENABLE ENABLE 


” . 
Son 
® 
2 
® 
a) 
o 
ec 
— 
Pr 
des 
® 
= 
bee 
a) 
= 
oad 


ENABLE ENABLE 
rel G $1 closed 
tPZH : 
“FI <% —VoH S2 closed 
$1 open 13V | 4 ‘PLZ —¢— =14V 
ouTpuT 82 closed | =1.4V  QUTPUT a 
t —lqe—>| $1 closed oe 
PHZ $1 closed $2 —s — VoL 
$2 closed en 0.5 V 
VOLTAGE WAVEFORMS FOR tpyz. tpzH VOLTAGE WAVEFORMS FOR tp,z. tpzL 


NOTES: A. C; includes probe and jig capacitance. 
B. All diodes are 1N3064 or equivalent. 
C. Enable G is tested with G high; G is tested with G low. 


FIGURE 1 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


Se eG 
Ne a noe 


ees Bi et = 5.25 V is 
aN Sica 


VOH—High-Level Output Voltage—V 


Se 
5 
© 
oy 
= ) a 20 on GO a ee BO 
x 1OH— High-Level Output Current—mA 
“9 FIGURE 2 
5 
©. LOW-LEVEL OUTPUT VOLTAGE 
< vs 
x LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


lo_—Low-Level Output Current—mA 


FIGURE 4 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


VOH— High-Level Output Voltage —V 


0 10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature— °C 


FIGURE 3 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Vo_—Low-Level Output Voltage—V 


0; 10. --20- 30: . 40° 60 60° 70-80 
Ta—Free-Air Temperature — °C 


FIGURE 5 
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Vo—Output Voltage—V 


Vo—Output Voltage—V 


OUTPUT VOLTAGE 


vs 


ENABLE G VOLTAGE 


Vip =0.2V 
TA=25C 


to ground 


Enable G Voltage—V 


FIGURE 6 


OUTPUT VOLTAGE 
vs 


ENABLE G VOLTAGE 


Vip =—0.2 V 


Ta ='25° 
Load = 1 


Enable G Voltage—V 


FIGURE 8 


AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
vs 
ENABLE G VOLTAGE 


Vo — Output Voltage — V 


Enable G Voltage — V 
FIGURE 7 


OUTPUT VOLTAGE 
vs 
ENABLE G VOLTAGE 


” 
ewe 
® 
= 
® 
oO 
® 
c 
Bass 
” 
Poe 
® 
> 
= 
QO 
® 
£ 
oul 


C Vip = —0.2 V 


kQ to Vcc 


Vo — Output Voltage — V 


0 0.5 1 1.5 2 2.5 
Enable G Voltage — V 


FIGURE 9 
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TYPICAL CHARACTERISTICS 


~ AM26LS32AM, AM26LS33AM, AM2LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


AM26LS33A 
OUTPUT VOLTAGE 


AM26LS32A 
OUTPUT VOLTAGE 


S) 


V 
DIFFERENTIAL INPUT VOLTAGE 


DIFFERENTIAL | 


STRUMENTS 


IN 
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a2 Line Drivers/Receivers 
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AM26LS32AM, AM26LS33AM, AM26LS32AC, AM26LS33AC 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS ~— 


' iy t d ; ; } 
: { : 

: . | | 
: ; : : ; F : j H : 
{ 
| 


TYPICAL APPLICATION ! 


% AM26LS31C % AM26LS32AC 


% AM26LS32AC 


% AM26LS33AC 


*R7 equals the characteristic impedance of the line. 


FIGURE 13. CIRCUIT WITH MULTIPLE RECEIVERS 


4 
i| 
Line Drivers/Receivers ES 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 


D2298, JANUARY 1977—REVISED SEPTEMBER 1986 


@ Schottky Circuitry for High Speed, Typical 
Propagation Delay Time. . . 12 ns 


@ Drivers Feature Open-Collector Outputs for 
Party-Line (Data Bus) Operation 


® Driver Outputs Can Sink 100 mA at 0.8 V 
Maximum 


P-N-P Inputs for Minimal Input Loading 


@ Designed to be Interchangeable with 
Advanced Micro Devices AM26S10 and 


AM26S11 
description AM26S10M, AM26S11M.. . FK PACKAGE 
(TOP VIEW) 
The AM26S10 and AM26S11 are quadruple bus a O 
transceivers utilizing Schottky-diode-clamped ass Oo 
transistors for high speed. The drivers feature =—s— 


open-collector outputs capable of sinking 
100 mA at 0.8 V maximum. The driver and 
strobe inputs use p-n-p transistors to reduce the 
input loading. 


The driver of the AM26S10 is inverting; the 
driver of the AM26S11 is noninverting. Each 
device has two ground connections for improved 
ground current-handling capability. For proper 
operation, the ground pins should be tied 
together. 


AM26S10M, AM26S11M .. . J PACKAGE 
AM26S10C, AM26S11C ...D, J, OR N PACKAGE 


(TOP VIEW) 


IRE 4 
1DUj5 17(}4D 
NC iJ6 16LINC 
2D1)7 15U}S 
2R {8 


9 10 11 12 13 
oa 0 a Coe oot 
Oro oO a 
NS] 2 OO 
oO 


NC—No internal connection 


” 
Ben 
® 
Bs 
7) 
oO 
® 
c 
— 
r 
pees 
® 
= 
ew 
a) 
o 
= 
a 


The AM26S10M and AM26S11M are characterized for operation over the full military temperature range 
of —55°C to 125°C. The AM26S10C and AM26S11C are characterized for operation over the temperature 
range of O°C to 70°C. 


AM26S10 AM26S11 
FUNCTION TABLE FUNCTION TABLE 
(TRANSMITTING) (TRANSMITTING) 

INPUTS OUTPUTS INPUTS OUTPUTS 


L ce a 
L i Fob H 
AM26S10 AND AM26S11 


FUNCTION TABLE 
(RECEIVING) 


INPUTS OUTPUT 


sea aa Sk ea. 
H H X L 
H L Xx H 


H = high levél, L= low level, X = irrelevant 


PRODUCTION DATA documents contain information f Copyright © 1980, Texas Instruments Incorporated 
current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments Ti 

standard warranty. Production processing does not 


necessarily include testing of all parameters. INST RUM ENTS 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 


logic symbolst 


AM26S10 AM26S11 


TThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 


logic diagrams (positive logic) 


re (15) : oe (15) 
apo ee: Y = ape se ae Ng om 
14 
apd < api! “i: 


Pin numbers shown are for D, J, and N packages. 


= AM26S10 AM26S11 
© g 12) 1 5 (12) > 
Oo 
a 3 
< me. ry (2) am (2) 
” 
(3) 3 
5 1R Gi: in <i 
5 
Be: (7) Ee (7) 
e 2B e 
g. op {2 rales es op 2! i Pe es 2B 
@ 
x op 18) pain nee ee Bact 
See (9) ie cay (9) 
3B : 
ap 2) oe oe 9} ap 14) {> & +e 3B 
3p 110) ie 3110) ag 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 


Vcc 
| ' 
= 1 ae 

# 
Fred sate Re ean 


schematic (each transceiver) 


Ga GND 
OTHER 


RECEIVER RECEIVERS 


Line Drivers/Receivers 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SU VONGGG) ier TER eIOTG esc RA wa Aca oss Aas Rote ge ae a RE ee ee -O.5Vto7V 
Sere OT Sire Itt WOE foo os hk ew cds ne ie |e oe a ae oe eee =0.5 V to 6.5 V 
Bus voltage, driver output off: AM26S10M, AMS26S11M .................. =—0.5 V to 5.5 V 
PITZER NOG, PONLOS Uy clean oe heer =0.5 V to 5.25 V 
Srivetor Strone Wut Content fo 2 Sa ae ene es ate See ee eee Os se ew ESS —-30 mA to5 mA 
RCA Pert COS ISUN tt NASER ieee ee eae 5 Aisa Gobet ae mak toe eee ON a ee 200 mA 
SO Te cr gyal or: | oy oe he ar anc © CMe Ay earth Ee MamMeE hme. tobe of et eee 30 mA 
Continuous tota! dissipation at (or below) 25°C free-air temperature (see Note 2): 
Sere NO rip BA aes Oe oa ec inte hig hate alate. Saabs oo TREES er O Ie Alt Se Pee Pee 950 mW 
OE Cn SES 21 UR Saige a) ee Me: eae © Seah aa oe Sey SRE ar Same eI Ne et ra Oa RE gs a 1375 mW 
SOG KUOR tem TON) i ot eh ew p 2 SS a ee ee als od De RD Fe Eee 1375 mW 
ed NEGRI rs Crees > 5 Shoe Sse a ee a he heat yee eee ee 1025 mW 
re, Ae Poa oto? a ae gee ng na A Ae WB ee  Se 1150 mW 
Operating free-air temperature range: AM26S10M, AM26S11M ............. —~§§ °C to: 425°C 
BIMZGS10G; AMZOottG So ees BS OFC te 70°C 
Stergon-temwaratirovaued s).°. .isese sp ok eds Pa eee —65°C to 150°C 
co Case 1omieraiuire tor cr sGCONds: Fi OBOKROC S55 acces soe yw ondd pis Oe Oh ae eee 260°C 
> Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 300°C 
© Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260°C 
= NOTES: 1. Ail voltage values are with respect to network ground terminals connected together. 
2. For operation above 25 °C free-air temperature, see Dissipation Derating Curves in Appendix A. In the J package, AM26S10M 
| and AM26S11M chips are alloy mounted and AM26S10C and AM26S11C chips are glass mounted. For these devices in 
n the N package, use the 9.2-mW/°C curve. 
» 2) 5 
= recommended operating conditions 
') 
= 
@ 
a 


Supply voltage, Vcc F 5 ‘ 
«log epee eal cota pee ee ee a 


| 


Receiver high-level output current, IoyH 


eS ; ; iT, Eo ARR nes |. S PRN TI IS |S ES 
ow-ievel output current, . m 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


AM26S10M 
PARAMETER TEST CONDITIONST AM26S11M 
MIN TYP* MAX 
input clamp D or 
V V = MIN, | = -—18 mA —-1.2 
IK voltage ce # 


High-level V =- MIN, Vip = 2-V, — Vit = Vin max; 
Von ce i eg Fa. Ee $7.34 
output voltage IoH = -—1mMA 


lol = 20 mA 
= MIN, 
Low-level lo. = 40 mA 
VIHMIN- ar ac 
0.8 V 
lot = 100 mA 


Vcc = MAX, Vo = 0.8 V 
Vcc = MAX,Vo = 4.5 V 


V 
Ot output voltage 


Off-state 


| 
Oloff) output Current 


Vec = 0, Vo = 4.5 V 


High-level 
Vec = MAX,V; = 2.7 V 
input current 


nput current 
at maximum 


Yn Oo 
° 
= 


input voltage 


Low-level 
Vcc = MAX, V; = 0.4 V 


Vcc = MAX —20 —55 —18 
current§ 
45 


| Supply AM26S10_| Voc = MAX, Strobe at 0 V, No load, 
cc current AM26S11 All driver outputs low 


t For conditions shown as MIN or MAX, use the appropriate value shown under recommended operating conditions. 
+ All typical values are at Ta = 25°C and Vec = 5 V. 
§ Not more than one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 


| 
IL input current 


Short-circuit 
output 


switching characteristics, VCC = 5 V, TA = 25°C 


TEST | am2esio {| aAMm26s11___ 
PARAMETER TO ! UNIT 
CONDITIONS| MIN TYP MAX | MIN TYP MAX 


tp_H Propagation delay time, low-to-high-level output Gree | ee See See 5 
a oe 
tp_H Propagation delay time, low-to-high-level output 
tpHi_ Propagation delay time, high-to-low-level output ps fe See‘Pigure:1 bs 
tpLH Propagation delay time, low-to-high-level output 10 15 
ent Renngein a ine Rraoao oa] © | 
tTLH Transition time, low-to-high-level output 

Pe Terion me hghorwienToasr—] _|° 


“” 
Pa 
® 
2 
® 
© 
® 
cc 
Ea 
” 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
QUADRUPLE BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


PULSE 
GENERATOR 
(See Note A) 


50 0) 


is Pa eae 

AM26S10 | DRIVER RECEIVER 

ree 
a> 


BROS REL, cc ROO ie Oe ted Me Tob} sh MAS. eee io, (See Note C) 


50 pF 15 pF 
(See Note B) (See Note B) 
PULSE 
GENERATOR 
(See Note A) = = = 
D cS B R 
TEST CIRCUIT 
AM26S11 
3V 
DRIVER are 
INPUT 
| Ov 
| AM26S10 : 
| 
| 3V 
| 
STROBE | } van 
INPUT | ) 
| 
| Ov 
| 
| erie on Von 
BUS 1.5V 
l 
: t : t | tPHL > tPLH a ar 
PHL PLH 
>| BR >  B to R >| Kato * B to R 
VOH 
RECEIVER 1eyV 
OUTPUT 
VOL 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zgyt = 502, tr = 10 + Sons. 
B. Includes probe and jig capacitance. 
C. All diodes are 1N916 or equivalent. 


FIGURE 1 
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AM26S10M, AM26S10C, AM26S11M, AM26S11C 
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QUADRUPLE BUS TRANSCEIVERS 


TYPICAL APPLICATION 


STROBE STROBE STROBE 
DRIVER DRIVER DRIVER 
INPUTS RECEIVER 'NPUTS RECEIVER '!NPUTS RECEIVER 
prod \m, OUTPUTS OUTPUTS OUTPUTS 


DDDD 


SR 
5V AM26S10/; R 
AM26S11_p 
a bai aa B R 
ier’ es 


DDDD 


AM26S10/ 
AM26S11 


eee: 


100-2 TRANSMISSION LINE 


FIGURE 2. PARTY-LINE SYSTEM 
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MC3446 
QUADRUPLE BUS TRANSCEIVER 


D2290, JANUARY 1977—REVISED SEPTEMBER 1986 


{ 


® Driver Inputs Compatible with TTL and MOS D, J, OR N DUAL-IN-LINE PACKAGE 
Circuitry (TOP VIEW) 


® Driver Outputs Stay Off During Power Up 
and Power Down 


@ Drivers Feature Open-Collector Outputs for 
Party-Line Operation 


e Designed for Interchangeability with 
Motorola MC3446 


@ Meet IEEE Standard 488-1975 


logic diagram (positive logic) 


description 
These circuits are quadruple single-ended line he oe 
transceivers designed for bidirectional flow of Re (4) S *s p> (Wa 
data and instructions. The bus terminal : : ~ 
characteristic complies with paragraph 3.5.3 of 1p 2) Se 
IEEE Standard 488 (see Figure 3). Each driver 
output is tied to the junction of an internal (6) 


voltage divider that sets the no-load output 28 m Gi 
voltage and provides bus termination. The driver | [S > 2R 
outputs are guaranteed to be ‘‘off’’ during power oe 


(5) 
up and power down if either input is high. The ed 
receivers feature 950 millivolts typical hysteresis (10) 


for noise immunity. 36 
y (= > (9) oa 
The MC3446 is characterized for operation from fas 


0°C to 70°C. 3p 1) 


n 
thos 
o 
i 
® 
oO 
® 
cc 
— 
7 
toe 
o 
> 
= 
a) 
o 
A 
aa 


FUNCTION TABLE (14) 


4B 
(TRANSMITTING) : = (15) 4p 
: a (12) S R1 a: > 
| INPUTS | OUTPUT 

a te Se 


OS ey BS 
L H H H 


R1 = 2.4 kQ NOM, R2 = 5 kQ NOM 


FUNCTION TABLE logic symbolt 
(RECEIVING) 
1,2,35 
INPUTS OUTPUT ne 
a Pe eh Et eae a 
H HX H 
1R 
2D 
2R 


3D 
3R 
4s 
4D 
4R 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


PRODUCTION DATA documents contain information % Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
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MC3446 L 
‘QUADRUPLE BUS TRANSCEIVER 


’ 


; schematics of inputs and outputs 


EQUIVALENT OF EACH EQUIVALENT OF RECEIVER OUTPUTS 


DRIVER AND DRIVER OUTPUTS/RECEIVER INPUTS 
STROBE INPUT 


21.5 k2 NOM 


iS 

a) 

@ 

© absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

= DING VONAGE Fe Pam OTOL) So oie. Gd sah aide Slee ao Lorie eae Balke be dae ene 7V 

@ RU CONGO AT ty? yD. Sc) cae At Fon" oa wb lakes Sch Meee 5.5 V 

n A BETO E ATCT. RAE SS ela Per LERD PRNNEE A Sein > hve” ee age SRM, Anke ME Se ate pers Hee 150 mA 

ay Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

. SN OIE Eee CE ri. o's rie Rete ONS, o Ware EER aioe ek ge iies Wiel ak bi nivel pe na ane 950 mW 

@, PB TIRORDOS foo. kas ca Boe eR eps, Fe UA Ts Gao ath Ste PR ee gee ed ee 1025 mW 

S Pur AN CR ORE sy ate yc Re ena oe ee eI Se ae amg ete be ae Deeb ae send fe Se er aS 1050 mW 

PP Sorreatinig timG-Oir Teer Mire [ANGE oa. ds. <n nett eleduccs bas Ve ea pelea bateumte W2C, ta 70°C 

BitOrsce TOMDORIUINE CORO). | sce aks bess ack ai smecedecs ¢ a © oo mee eee ie ws ee =65°C to 150°C 

. Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N package ....... 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, use 
the 8.2 mW/°C curve, in the D package, use the 7.6 mW/°C curve, and in the N package, use the 9.2-mW/°C curve. 


recommended operating conditions 


MIN NOM MAX UNIT 


Receiver 


Driver 
’ 
Receiver 


Operating free-air temperature, Ta 
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MC3446 
QUADRUPLE BUS TRANSCEIVER 


electrical characteristics over recommended ranges of VC¢ and operating free-air temperature (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPTt MAX | UNIT 


V Positive-going input 
T+ threshold voltage 
Vv Negative-going input 
le threshold voltage 
Vhys Input hysteresis, (V7 + — VT_) oe ae 
VOH High-level output voltage eon a 
Ms Ta 
C82 E Be 
a SBA Bo 


2V, low = ~400 0A 
Vi = 0.8V, lol = 48 mA ieaesaore 


=0.8V, Io, = 8mA 


ViH_ = 2-4 V, Vo = 5.5 V a 


VOL Low-level output voltage 


IO(bus) Bus current 


VIH = 2.4V, Vo =0.4V =1.3 =e 


VOK Output clamp voltage lo = -—12 mA pines. 
Input current at maximum 
input voltage 

lH High-level input current | Dor S | VIH = 2.4 V ae SS 


Ne Low-level input current co= 5V,- Va = 0.4 Vi Tas] 25°C 0:20.36 


los Short-circuit output current ae IH=2V me ee 
ICCH Supply current, all outputs high | —=——'|_—No load eae Se" e 


ICCL Supply current, all outputs low 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 


<|< 


switching characteristics, Vcc = 5 V, Ta = 25°C 
: TEST CONDITIONS 


Propagation delay time, 
tPLH ; 
low-to-high-level output 
Propagation delay time, 
tPHL ‘ 
high-to-low-level output Kno Finuce 3 
igur 
; Propagation delay time, . 
PLH low-to-high-level output 


high-to-low-level output 
low-to-high-level output 
high-to-low-level output 
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MC3446 
QUADRUPLE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


OPEN 


STROBE or DRIVER 
INPUT MONITOR 


100 2 


REceliveroutpuT [ 4 | ,.. 
| 
| 
| 
1 


OUTPUT 
(BUS) 


PULSE 
GENERATOR 
(See Note A) 


50 pF 
(See Note B) 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 


INPUT (BUS) 
MONITOR 


an Se Sn ee Re ee hy poppe oe A Fasc oe Ck Ope 3V 
= 
@ 
400 2 INPUT sox% 
Q ps te OUTPUT 
=< GENERATOR (RECEIVER) 
@ (See Note A) I 
= ee 
~” (See Note C) 
— 
502 
2 15 pF 
@ p 
re) (See Note B) 
©. 
< 
@ 
Oo — 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: ty = 100 ns, PRR < 1 MHz, t, < 10 ns, 
B. This value includes probe and jig capacitance. 
C. All diodes are 1N916 or 1N3064. 
5 
TYPICAL CHARACTERISTICS 
DRIVER OUTPUT CHARACTERISTCSt RECEIVER TRANSFER CHARACTERISTICS 
- Veg = 4.75 V to 5.25 V: 
2iVIH=2.4V : 
3 
¢ bs ebtlepiieesnbteritted | ak Crome > 
5-2) Hy 
ou s 
3 : 5 a 
T —§ Re The unshaced area i a 
2 ES is formed bythe i 1 
8-8) en : 
= paragraph 3.5.3 of 
—10 Fe IEEE Standard 488-1975. 
12 bs ‘ aS Sees sisters + 
AE net 2 Bee @. G8 214.745 2 “2B 3 36 4 
Vo—Driver Output Voitage—V Vi—Input Voltage—V 
FIGURE 3 FIGURE 4 
TConditions for typical curve are Vcc = 5 V, Ta = 25°C. 
l 
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MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


D3006, FEBRUARY 1986—REVISED OCTOBER 1986 


Four Independent Receivers with Common D, J, OR N PACKAGE 
Enable Input (TOP VIEW) 


@® High Input Sensitivity .. . 25 mV Max 
@ High input Impedance 
@® MC3450 has Three-State Outputs 
@ MC3452 has Open-Collector Outputs 
@ Glitch-Free Power-Up/Power-Down 
Operation 
description FUNCTION TABLE 


The MC3450 and MC3452 are quadruple 
differential line receivers designed for use in 
balanced. and unbalanced digital data 
transmission. The MC3450 and MC3452 are the 
same except that the MC3450 has three-state 
ouputs whereas the MC3452 has open-collector 
outputs, which permit the wire-AND function 
with similar output devices. Three-state and H = high level, L = low level, ? = indeterminate, 
open-collector outputs permit connection 2 = impedance (off) 

directly to a bus-organized system. 


The MC3450 and MC3452 are designed for 
optimum performance when used with either the 
MC3453 quadruple differential line driver or 
SN75109A, SN75110A, and SN75112 dual 
differential drivers. 


The MC3450 and MC3452 are characterized for 
operation from O°C to 70°C. 


DIFFERENTIAL INPUTS ENABLE OUTPUT 
A-B E Y 


Vip = 25 mV 

-25 mV < Vip < 25 mV 
Vip = 25 mV 

X 


n 
Powe 
® 
A: 
® 
12) 
® 
cc 
— 
n 
hee 
® 
2? 
"i 
Q 
® 
£ 
a | 


logic symbols t 


MC3450 MC3452 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


logic diagram (positive logic) 


EN (4) 1 > 


Ah pire e 
ap tt BP Ee 1¥ 
(6) a 


(5) 
x ee. 2Y 
ete we 
(10) Geet: ae 


3A ae. 
9 3Y 

= 2 ber 
(14) 

4A 13 
= a e ace 
@ 
0 
x. 
< 
@ 
” EQUIVALENT OF EQUIVALENT OF TYPICAL OF MC3450 TYPICAL OF MC3452 
ea A OR B INPUT ENABLE INPUT OUTPUT OUTPUT 
@ 
rs) Vcc + Vcc 
©. 
< 140 2 
@ 
=| 
“” 

OUTPUT 
OUTPUT 
Ti 4 
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MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sptset tr Stree A AUC OP he do Sh pole -8 Baek oe oe a OSS Ente Ss 9d ry 
Bed ih) Ve RR MMCNRRR ER NESE. «= 50 UT ORUIM NG Pee tance at Dee Rod ne Ace RR Ne Pen 0 hc ea a eee he -7V 
Ditaveaiti ntsc aer ee TRGB NIOte Ae se ee ace fp. b ke ele noe Ses ee hs hee eae Sep +6V 
Commons) mput Veltsoe (60e NOt DS) 3. oS ce re eV es ae mo es 
Ge i er VE era. ie op eh ae eet SI a ee PS ei mee 5.5 ¥ 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 

ORO tel 2.) ange aaha, be Lt Raia peared or sien semana eh st Pp ete vite amar eo Se 'e Fey 1) os Snir ain Meee 950 mW 

PARA I Was nog Shoe Sak in a ew Re CD aa hehe EE eae Pal ee ee 1025 mW 

PEPIN MCN hoy ju ce ices 6 ic sc hicks oe hard eg EC Gay 7 IRE ng: Ce cea ns 1150 mW 
Operating tise-ay temperature range 926i ai aks wees ele pies sv Sa as O°C to: 70°C 
StOlAe ABWIOOFEAO TANUO 2. iyo ks ceca bs ce SR See ee eR Ls EV ee SS -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260 °C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 
NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. Common-mode input voltage is the average of the voltages at the A and B inputs. 
4. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the 
J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 
In the J package, MC3450 and MC3452 chips are glass mounted. 


recommended operating conditions 


Oo: Sean 


Supply voltage, Vcc — -—4.75 -§ -—5.25 
High-level enable input voltage, Vj} 


Low-level enable input voltage, Vj, 


Operating free-air temperature, Ta 
T The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for common- 


mode input voltage. 
NOTE 5: The recommended combinations of input voltages fall within the shaded area of Figure 1. 


RECOMMENDED COMBINATIONS OF INPUT VOLTAGES 


Input A to Ground Voltage—V 


~s =4 3 4° % 
Input B to Ground Voltage —V 


FIGURE 1 
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MC3450, MC3452 : 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


electrical characteristics over recommended operating free-air temperature range, VCC + = +5.25 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS a 
MIN TYPt MAX | MIN TYPT MAX 


Vip=-2V . 30 75 30 75 
High-level Vip = -2V 


input current ViH = 2.4 V 
ViH = 5.25 V 


Apu 
Low-level 1D 
Vip = 2V 
input current EN Vi 0.4V 
a aide 


Vcec+ = +4.75 V, Vip = 25 mV, 
EN at 0.8 V, lon = —400 pA, 
Vic = -3Vto3V 


High-level output 
voltage 


High-level output 
current 


Veca = 

Low-level output — 
e. path eer EN at 2 V, 
= 3 Vic = -3Vto3V 
ws) =~ High-impedance-state | Vo = 2.4 V 
= output current Vo = 0.4V 
> ; Short-circuit Vip = 25 mV, Vo = 0, e aa 
= Os output current? EN at 0.8 V 
i Supply current from 
a cob + Vcc +, outputs high 
© ; Supply current from 
e CCH — Vcc —, outputs high 
PP All typical values are at Vcc + = 5V, Vcc- = -5V, Ta = 25°C. 


+Not more one output should be shorted at a time. 


switching characteristics, VCC + = +5 V, Ta = 25°C 


FROM TO MC3450 MC3452 
PARAMETER TEST CONDITIONS ; UNIT 
(INPUT) (OUTPUT) MIN TYPt MAX | MIN TYPt MAX 
CL = 50 pF, See Figure 2 17 25 
tPLH A and B ¥ - : = 
Cy Seip pr hoo Fite) fs 
C_ = 50 pF, See Figure 2 a 25 
CL= 16 pF, Seefigue2 | id 


ise foiea nae 

Sica aaa a 
76 pF, ae 
Bare pave ier 25 Sac att aval 
| cy = 50, See Figue 2, |S) 
; a eae 
E Bee“ sees 
: lanes wa 
; 


C= 15 pF Seerigued | oa 


Ree: SRA See 
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MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


OUTPUT 5V 5V 


390 0 390 0 
GENERATOR 

(SEE NOTE A) 

FOR 
CL MC3452 
(SEE NOTE B) 
FOR 
MC3450 
(SEE NOTE C) 


INPUT 


OUTPUT 


n 
he 
® 
2 
® 
Oo 
® 
ce 
~ 
” 
he 
® 
= 
a) 
® 
= 
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NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t;, < 6 ns, 
t¢ = 6 ns. 
B. Cy includes probe and jig capacitance. 
C. All diodes are 1N916 or equivalent. 
VOLTAGE WAVEFORMS 


FIGURE 2. PROPAGATION DELAY TIMES 
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MiC3450, MC3452 


QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


A B $1 $2 
[ez [100 mv[_GNO_T Open {Closed 
2 SEU a 


tpHZ | Closed | 


GENERATOR 
(SEE NOTE A) 


(SEE NOTE B) 


OUTPUT 


Oar 5 V 


(SEE NOTE C) 


CL 


TEST CIRCUIT 
— ee ee ee ee 3 V eae ee ee eee, ee ee 3 V 
ro ENABLE ENABLE 
0 ov l Ov 
= 
< tpzH —¢—>I tPzL > 
S | VOH —|—-——— —— 5V 
=. 
me) OUTPUT OUTPUT 
@ 
Et em anil een ace" cenap enh se Ov VOL 
@. 
© 
4 3V 3 V 
” 
ENABLE ENABLE 
-|--—---- Ov 4 -——-—-—-—--— Ov 
tpHZ—>| l- tpLz > 
~ RC ENE: 9 VoH | =1.5V 
OUTPUT VoH -— 0.5 V OUTPUT 
=1.5V Se = VOL 
VOLTAGE WAVEFORMS 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%,t, < 6ns, 
ts < 6 ns. 
B. Cy, includes probe and jig capacitance. 
C. All diodes are 1N916 or equivalent. 
FIGURE 3. MC3450 ENABLE AND DISABLE TIMES 
Ti 4 
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MC3450, MC3452 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 


5V 


OUTPUT 


CL 
(SEE NOTE B) 


GENERATOR 
(SEE NOTE A) 


TEST CIRCUIT 


ENABLE 


OUTPUT 


=?) 

an 

® 

2 

® 

© 

® 

ce 

r7) 

the 

® 

2 

hs 

an 

VOLTAGE WAVEFORMS e 
= 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t, < 6 ns, 
t¢ <= 6 ns. 
B. C,_ includes probe and jig capacitance. 


FIGURE 4. MC3452 PROPAGATION DELAY TIMES FROM ENABLE 
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 


D3000, FEBRUARY 1986 


Similar to a Dual Version of SN75110A Line D, J, OR N 
Driver DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


@ improved Stability Over Supply Voltage and 
Temperature Ranges 


Constant-Current Outputs 
High Output Impedance 


High Common-Mode Output Voltage Range 
(-—3 V to 10 V) 


@ Glitch-Free Power-Up/Power-Down 
Operation 


TTL input Compatibility 


Common Enable Circuit OUTPUT 
CURRENT 
@ Designed to be Interchangeable with z Y 


Motorola MC3453 


description 


The MC3453 features four line drivers with a 
common enable input. When the enable input is L = low logic level 
high, a constant output current is switched H = high logic level 
between each pair of output terminals in 

response to the logic level at that channel’s 

input. When the enable is low, all channel logic symbolt 

outputs are nonconductive (transistors biased to 

cutoff). This minimizes loading in party-line 

systems where a large number of drivers share ENABLE 
the same line. 


(6) 
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The driver outputs have a common-mode voltage 1A a 
range of.—3 volts to 10 volts, allowing common- * 
mode voltages on the line without affecting ae 2Y 
driver performance. 22 
All inputs are diode clamped and are designed 3A . 
to satisfy TTL-system requirements. The inputs ee 
are tested at 2 volts for high-logic-level input 4A 


conditions and 0.8 volt for low-logic-level input 
conditions. These tests guarantee 400 millivolts tri. symbol is in accordance with ANSI/IEEE Std 91-1984 and 
of noise margin when interfaced with Series IEC Publication 617-12. 

54/74 TTL. 


The MC3453 is characterized for operation from 
0O°C to 70°C. 


PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i 

specifications per the terms of Texas Instrumeats TEXAS 

standard warranty. Production processing does not 


necessarily include testing of all parameters. inert Genie 
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 


logic diagram (positive logic) 


ENABLE 


1A 


2A 


3A 


4A 

ae 

2 schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
= 

x OUTPUT 
@ 

=| 

7) 

— 

eS) 

@ 

© 

@. 

x 

@ 

= 

77) 


OUTPUT 


Vec- 
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SEH CRC ALC it COREY Et eS Sg ORME 5 aise tk fon Ge a aS ine whe SOR p hea re 
SSE Ae NT Ee ay PSO Gaited FEB ER ICR ROS? be Rev g ee sc Sea oe he aA ei bere -7V 
BEVESUEE S PTA IRIAN We cAN EASE MEDUNED foo 5. 5G os oh ia a gl Wk a twa gd gach, Sean Eohae ee Nahe) aecarig we sank SGD lero TENG 5:5. 
Outpuy Von soe sanae (ely Gutout) (oc ac ke Skt 5 ade ok wee re he & kee asin -—§ V to 12, V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

be OGIO oo) ate oko ue V5. sea eh rele VT ete Eee eGo ae gli hin ives oe rth Season abel o cae 950 mW 

Bi ANG pated tater ve elation ona eae Satan eee a aR ee ae Te ee ee oe 1025 mW 

Nie PROhO GO cree 25 BEE REBT POPES EMCEE, Fos EE CUT OP ARES 1150 mW 
Operating free-air temperature ranges .ss eas a Mite Pie ers eo Ne ee ee 0O°C to 7056 
StOTaCe: THIET at Key TE) ie | ea ey Sor cp ate cd eo ee wa ey we ows ER ann ne Ee -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package .......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300 °C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, derate 
the J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 
mW/°C. In the J package the MC3453 is glass mounted. 


recommended operating conditions 


Supply voltage, Vcc + 


i 
2 | 
0 0.8 

pee eke ee ee 


) 


Common-mode output voltage range 


Operating free-air temperature, Ta 


NOTE 3: All unused outputs must be grounded. 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5.25 V, 
Vcc— = -—5.25 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Vik___Mput clamp voltage =08 -18 
Voey = 525V,vec-=-52eV | sa) =i | 
IO(on) | On-state output current an ABV = a5 V AG 11 
cC+ = 4.75 V, cen oe 
lO(off) Off-state output current Vec+ = 4.75 V, VoGo—7= =-—4.75 7 


[= 5.25 V 
Nie Low-level input current k V; = 0.4 V poe i 


Enable at 2 V 33 50 
lec + Supply current from Vcc + A inputs at 0.4 V eeetiaiat O47 33 50 mA 


, : | i : ae ae a a Enable at 2 V -—68 —90 
S = inputs at O. 
cc upply current trom VCC P Enable at 0.4 V 


T All typical values are at Vcc + = 5 V, Vec— = -5 V, and Ty = 25°C. 
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MC3453 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 


switching characteristics, VCC + = 5 V, Vcc-— = -5 V, RL = 50 Q, CL. = 40 pF, Ta = 25°C 


FROM TO TEST 
PARAMET MIN TYP MAX UNIT 
(INPUT) | (OUTPUT) | CONDITIONS mw rye max | unr 


tpLH Propagation delay time, low-to-high-level output Gee. 2a oe 
A 

Bee ie) Se See Figure 1 Pe | 

| Enable | YorZ | ee eS 

tpH_ Propagation delay time, high-to-low-level output | Enable | YorZ — 15 25 pons | 


PARAMETER MEASUREMENT INFORMATION 


A INPUT OUTPUT Y 
GENERATOR 
#1 
50 2 Be. = 
ENABLE — ig OUTPUT Z 


PULSE RL = 500 Ci = 40 pF 
GENERATOR 


#2 


50 2 = 


TEST CIRCUIT 


A INPUT 
ENABLE 


OUTPUT Y 


| 
OUTPUT Z 
I 


ise: | lottery 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zg = 500, tr = tr = 10 +5 ns, tw, = 200 ns, PRR < 1 MHz, 
tw2 = 1 us, PRR < 500 kHz. 
B. Cy, includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES 
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MC3486 


QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT 


@® Meets EIA Standards RS-422-A and 
RS423-A and Federal Standards 1020 and 
1030 


Three-State, TTL-Compatible Outputs 


Fast Transition Times 


Operates from Single 5-Volt Supply 


Designed to be Interchangeable with 
Motorola MC3486 


description 


The MC3486 is a monolithic quadruple 
differential line receiver designed to meet the 
specifications of EIA Standards RS-422-A and 
RS-423-A and Federal Standards 1020 and 
1030. The MC3486 offers four independent 
differential-input line receivers that have TTL- 
compatible outputs. The outputs utilize three- 
state circuitry to provide a high-impedance state 
at any output when the appropriate output 
enable is at a low logic level. 


The MC3486 is designed for optimum 
performance when used with the MC3487 
quadruple differential line driver. It is supplied in 
a 16-pin package and operates from a single 
5-volt supply. 


The MC3486 is characterized for operation from 
O°C to 76°C. 


logic symbolt 


(4) 


1,2EN 


1A 


1B 
2A 


2B 


LY. 


2Y 


3,4EN 


3A 
3B 
4h 
4B 


3Y 


4Y 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


D2434, JUNE 1980—REVISED SEPTEMBER 1986 


D, J OR N PACKAGE 
(TOP VIEW) 


DIFFERENTIAL INPUTS 
A-B 


H = high level, L = low level, Z = high-impedance 
(off), ? = indeterminate 


logic diagram (positive logic) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard ig ent Production processing does not 
necessarily include testing of all parameters. 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT EQUIVALENT OF OUTPUT ENABLE TYPICAL OF ALL OUTPUTS 
EXCEPT OUTPUT ENABLE 


Vcc 


16.8 kO 
NOM | 
OUTPUT 
ENABLE 


See 

| 

@ 

0 

ae 

< 

@ 

r; 

5 absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

S tity. VORA ite mete? TNs. o/s ahs ok S See ee nek Po RE Oe Ae Oe Rea tk 8V 

@. Input voltage, A or Binputs........ BO ea sil Ki ns a Yee Be ES a ea ae ceed eS 3s +15 V 

< Dieu reriadisiah Mente AGG NGLOTA) 655 as ls a Pelee ee 5 2 ee ee oe oe eee +25 V 

@ ; 

. ee SITIO Ett VIER etn NAS ec aM ns SS om 6 wowed ahesend yas Veake Sein a a spel gL OW ee bo eae 8 V 
ie ee ICR E ES ORI ae gd Beas eee bee eo wie GLB alee od wPaee Veto hace oe ae eae 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

package: 36 th 950 mW 
Se ee 1025 mW 
NemeeKhage so oc ads 1150 mW 
Dparating (ae-alt TEmNerAUse: FONG 2) ws 6 ls ow Pe ee wee os eee en a O°C:to: 70°C 
Pra Gre eer fees oo 8! Sy ecg oso pisih 26 tog ete ald, be ee alee Dee ~65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 


NOTES: 1. All voltage values, except differential-input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, MC3486 
chips are glass mounted. In the N package, use the 9.2-mW/°C curve for these devices. In the D package, use 7.6 mW/°C curve. 


recommended operating conditions 


Common-mode input voltage, Vic 
Differential input voltage, Vip 


High-level enable input voltage, Vj} 


Operating free-air temperature, Ta 


wa 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT 


electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
VtH __Differential-input high-threshold voltage] Vo = 2.7V, Ig = -0.4mA 
VTL Differential-input low-threshold voltage | Vo = 0.5V, Ig = 8mA -0.2 
K  Enable-input clamp voltage || = -10 mA praes See S 
H 
L 


VI 
V High-level output voltage pi ome hd Sn, aati, a 
igh- : 
0 v See Note 4 and Figure 1 
Vip*x = —0.4V,lo = 8 mA, 
Vo Low-level output voltage ID ? 0 
See Note 4 and Figure 1 
Vit = 0.8 V, Vip = -3V, Vo = 2.7 V 
loz High-impedance-state output current HE 1D Q 
ViL = 0.8 V, Vip =3V, Vo =0.5V 


Vcc = 0 Vor 5.25 V, 
Other inputs at O V 


High-level enable input f aa 
| evei en e input curren 
: : Vj = 2.7V 


he mit - 
Nie Low-level enable input current Vv; = 0.5 V 
los Short-circuit output current ip = 3V, Vo = 0, See Note 5 
icc __Supply current 


T The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for threshold 
voltages only. 
NOTES: 4. Refer to EIA Standards RS-422-A and RS-423-A for exact conditions. 
5. Only one output at a time should be shorted. 


lip Differential-input bias current 


<j< 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
PHL ropaga on elay = igh-to dd evel outpu C. = 18 pF, See Figure 2 Zs 
tPLH Propagation delay time, low-to-high-level output 
tpZH Output enable time to high level 
t Output enable time to low level 
pee he : Cy. = 15 pF, See Figure 3 
tPHzZ Output disable time from high level 


tpLz Output disable time from low level 


: 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT 


PARAMETER MEASUREMENT INFORMATION 


500 2 


1OH 
(-) 


FIGURE 1. VOH. VOL 


GENERATOR 
(see Note A) 


OUTPUT 


CL = 15 pF 
(see Note B) 


—pi teLy je —pltPHL je— 
—| — -VOH 
| 


T.5V 
1.3V 


7 OUTPUT 
2Vv VOL 


TEST CIRCUIT — VOLTAGE WAVEFORMS 


FIGURE 2. PROPAGATION DELAY TIMES 


SIDAIQDOY/SJQAUG QUIT ES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%,t, < 6 ns, 
tt < 6ns. 
B. Cy includes probe and stray capacitance. 
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MC3486 
QUADRUPLE LINE RECEIVER WITH 3-STATE OUTPUT 


PARAMETER MEASUREMENT INFORMATION 


AF 4 gt Pe eR. eee ee ae 
sw1 | | 
a Ee 2° | OUTPUT 
: | sw2 
1.5 V—O 2 kQ 
| gz Oo—5 Vv 
i | 
pens 
: l 5 kQ (see Note C) 
| es 
| | 
| | Fs 
L J CL = 15 pF sw3 
ERC Hy 4 See Repete eta ascent Se ne mae ais (ea in i i (see Note B) LL 
(see Note A) 51 0 iz : 
” 
L TEST CIRCUIT © 
2 
® 
7 Y 
tPZL ® 
tPZH 3V oC 
3V O 
SW1 TO 1.5 V INPUT ine heer'nien 1285 es 
INPUT — —1.5V sw2 OPEN | SW1 TO -1.5 V g 
SW3 CLOSED ——9 Vs sw2 CLOSED . 
| SW3 OPEN a) 
tpzL—_| e— rt) 
.— 
= 
OUTPUT OUTPUT 
tpLz 
tPHZ fa 3V 3V 
SW1 TO -1.5 V 
SW1 TO 1.5 V INPUT 135-7 SW2 CLOSED 
INPUT 1.5V SW2 CLOSED | SW3 CLOSED 
| SW3 CLOSED | —Ov : 
| ——dOv | 
tPLZ—>| — 
| 
OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 3. ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%,t, < 6 ns, 
ts <= 6 ns. 
B.C; includes probe and stray capacitance. 
C. All diodes are 1N916 or equivalent. 
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MC3487 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


D2578, MAY 1980—REVISED SEPTEMBER 1986 


@ Meets EIA Standard RS-422-A and Federal D, J, OR N DUAL-IN-LINE PACKAGE 
- Standard 1020 (TOP VIEW) 

@ Three-State, TTL-Compatible Outputs 

@® Fast Transition Times 

@ High-impedance Inputs 

® Single 5-Volt Supply 

@ Power-Up and Power-Down Protection 

@ Designed to be Interchangeable with 


Motorola MC3487 


description 


The MC3487 offers four independent differential line drivers designed to meet the specifications of EiA 
Standard RS-422-A and Federal Standard 1020. Each driver has a TTL-compatible input buffered to reduce 
current and minimize loading. 


The driver outputs utilize 3-state circuitry to provide high-impedance states at any pair of differential outputs 
when the appropriate output enable is at a low logic level. Internal circuitry is provided to ensure a high- 
impedance state at the differential outputs during power-up and power-down transition times, provided 
the output enable is low. The outputs are capable of source or sink currents of 48 milliamperes. 


The MC3487 is designed for optimum performance when used with the MC3486 quadruple line receiver. 
It is supplied in a 16-pin dual-in-line package and operates from a single 5-volt supply. 


The MC3487 is characterized for operation from O°C to 70°C. 


logic symbolt logic diagram (positive logic) 
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


PRODUCTION DATA documents contain information P Copyright © 1980, Texas Instruments Incorporated 
current as of publication date. Products conform to i} 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 4-53 
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MC3487 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


FUNCTION TABLE (EACH DRIVER) 
OUTPUT OUTPUTS 
INPUT 
ease{ oy Pe ee 
H H H S 
L H 
Xx L 


5 

High-Ilmpedance 
H 
L 


H 
High-Impedance 


TTL high level X = irrelevant 
TTL low level 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc Vcc 


c. 

a 

@ 

0 

= 

< 

@ 92 NOM 
g UTPUT 
4 O 

@ 

2) 

@. 

< 

@ 

=| 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SSHEIEIV: VOILE OCHO ROR BIOTO BE 6 She ne 5 ae as a kee ele Bese Oe eae Ue aca le bone eee Gee et Sas 8 V 
Dopuctat nat Ee bn S07 ab ah toa a ne le aa Pee Rete oy Sarg AMRIT hrs 1. ore aetna gern oat La g5.-V. 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

Bg ey Sees pine Tnetl Oot lami Chany 7 ee Spee aro ener RG Ena Men gr. ih enon ak Sirol gen B 950 mW 

OE PE TES oc Bae Ue ee aria er eer Ine Parr 7a ca eames Pg pe apnea Oa ES Peg ura at Pesach SP ria 2 1025 mW 

je Ts SS GE” EN | CO CT EE EPR CEnY EId ret EP eG Pa De STE og PS oY 1150 mW 
Sierarng ree -Aintemoerniiire (ANGE <=. ioc ea oe ace ee ae ok ee ieee OO O°C to 70°C 
Storage Tenieracuie Canoes. 6 or 65 OK oe a oe Re Re BN a es —65°C to.150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N packages....... 260°C 


NOTES: 1. All voltage values, except differential output voltage, Vop, are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 
MC3487 chips are glass mounted. In the N package, use the 9.2-mW/°C curve for these devices. 


recommended operating conditions 
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MC3487 
QUDRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Vv 


Vi =08V, Vin =2V. lon = ~20.mA 
|Vop| Differential output voltage 2 


Change in magnitude of : 
A|Vop| : t R_ = 100 Q, See Figure 1 
differential output voltage 
Voc Common-mode output voltage* RL = 100 2, See Figure 1 


Change in magnitude of 
A|\Voc| . " } R~ = 100 Q, See Figure 1 
common-mode output voltage 


Output current with power off V =—a0) = 
Mae U2e¥ 


| 
' Output enables | Vo = 2.7 V 100 
| 


High-impedance-state 
output current at 0.8 V 


O 
O 

Input current at maximum 
| input voltage r 
lH High-level input current Vi = 2.7V 
He Low-level input current Vv; = 0.5 V -40 
| =2V 


Z 
c 


| Suppl t (all drivers) Outputs disabled 
u current (all driver 
: ote Outputs enabled, No load 


TA|Vop|and A|Voc]| are the changes in magnitude of Vop and Voc, respectively, that occur when the input is changed from a high 
level to a low level. 

tin EIA Standard RS-422-A, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 

8 Only one output at a time should be shorted and duration of the short-circuit should not exceed one second. 
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switching characteristics over recommended range of operating free-air temperature, VCC = 5 V 


PARAMETER TEST CONDITION /MIN = MAX {U 
tpLH Propagation delay time, low-to-high-level output 


tpH_L Propagation delay time, high-to-low-level output Ci = 15 pF, See Figure 2 


tTp Differential-output transition time Cy = 15 pF, See Figure 3 
tpzH Output enable time to high level 

t Output enable time to low level 

ae e . - - Ci = 50 pF, See Figure 4 
tpHz Output disable time from high level 


tp_z Output disable time from low level 


PARAMETER MEASUREMENT INFORMATION 


] 50 2 


FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 


4 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


4-55 


MC3487 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


Y OUTPUT 


GENERATOR 
(See Note A) 


| (See Note B) 


Z OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORM 


FIGURE 2. PROPAGATION DELAY TIMES 


rs -—---—3V 
- sages caren eg 
@ : OV 
i GENERATOR trn—) — —p et 
en (See Note A) OUTPUT TD Ne ; ! TD 
i 90% 
5 C Cy, = 15 pF oureut if A 
PP = +, eS b 4% (See Note B) 10% 
— = 
rs TEST CIRCUIT VOLTAGE WAVEFORMS 
es FIGURE 3. DIFFERENTIAL-OUTPUT TRANSITION TIMES 
< 
——— = - 5V 
2 _ | OUTPUT 
” | 1 22002 
| 
| ease (See Note C) 
e Note 
GENERATOR] $$ , 4% _ (See Mote) 
(See Note A) 
e 
= {7 
TEST CIRCUIT a 
OUTPUT Soe tee OUTPUT 3V 
ENABLE 1.9 V ENABLE 1.5V 
INPUT Ov ov 
‘PHZ—-» je set tpz_ > Mt 
i Fosv VOH SW1 closed 
P ‘ SW 11 closed ! . 
edited SW2 closed Oe rPur i LS ewe open 
i ~15V 1 VOL 
LZ e- w1.5V tPZH— ie y 
SW1 closed irs on 
stock bd fos V SW2 closed OUTPUT 1.5 V SW1 open 
Vo SW2 closed 
VOLTAGE WAVEFORMS 
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr < 5 ns, tte < 5 ns, PRR < 1 MHz, duty 
cycle = 50%, Zy = 50 02. 
B. Cy, includes probe and stray capacitance. 
C. All diodes are 1N916 or 1N3064. 
af 4i3 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


D2462, MAY 1978—REVISED SEPTEMBER 1986 


P-N-P Inputs for Minimal Input Loading D, J. OR N PACKAGE 
(200 »A Maximum) (TOP VIEW) 


High-Speed Schottky Circuitry 

3-State Outputs for Driver and Receiver 
Party-Line (Data-Bus) Operation 

Single 5-V Supply 


Designed to be Interchangeable with 
Signetics N8T26, also Called 8T26 


description 


The N8T26 is a quadruple transceiver utilizing logic symbol? 


Schottky-diode-clamped transistors. Both the 
driver and receiver have three-state outputs. 
With p-n-p inputs, the input loading is reduced 
to a maximum input current of 200 micro- 
amperes. This device is capable of high 
switching rates into high-capacitance loads and 
are suitable for driving long bus lines. 


The N8T26 is characterized for operation from 
O°S to. 70°C. 


FUNCTION TABLE (DRIVER) 


INPUT OUTPUT 
B T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
Wee H 
: j : logic diagram (positive logic) 


(1) 
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RE 
FUNCTION TABLE (RECEIVER) 
DE 
1D 1R 
1B 
2D 2R 
2B 
H = high level 
L = low level 
X = irrelevant 3D 3R 
Z = high impedance 3B 
4D 4R 
4B 
PRODUCTION DATA documents contain information 3 Copyright © 1980, Texas Instruments Incorporated 
current as of publication date. Products conform to ‘} 
specifications per the terms of Texas Instruments TEXAS 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
Vcc a: 


5 kQ NOM 


Drivers: Reg = 35 2 NOM 
Receivers: Reg = 70 2 NOM 


oo 
- absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Oo I VERBOEI, NIOTs ABUOS ROCESS hg ano wo eS Re eee a ee ee ee 7V 
= RPA VRIES ater ties ree oi WE es wee ho aw Wb) APRS RE ERS we Gace Teasd, F eaclaine eel ee eee Oa S.0 V 
@ Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
wn Be ry apres aia E475. Ge onda o's 3 ose owe NS OD 5 TOE OF eee 950 mW 
yD SENN ns Seo Sin ga Snes SOS EEK, ware 6-6 ace A Ae a of Ee aed eee 1025 mW 
S LS OST ERE ORAL ORE an © oe een es PL Aang ee a To gl ne ye Tt ee ge Ar gry S 1150. mW 
D OD Graringd thOG-OiF TOIMNOrature TONGS: <-ocs se eo oe oS a cala ee kc oks, sO at Ore ee Ore ta. 70°C 
= eB ee to a 1. Sea a ene eS PENCE Rasa Sealine —65°C to 150°C 
& Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. For N8T26 in the N package, 
use the 9.2-mW/°C curve. In the J package, N8T26 chips are glass mounted. 


recommended operating conditions 


Supply voltage, Vcc 4.75 5 §.25 AW 
High-level input voltage, Viy B, D, DE, RE i a nosed we Re 
Low-level input voltage, Vj. B, D, DE, RE Nisei Gort Be | 


V 
V 
High-level output current, IoH ee : 
Receiver 
Driver 6 ee 
bial pig > vee 


Low-level output current, Io. Rachiver tt 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended operating free-air temperature and supply voltage range 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


lIoH —2mA 
; lo. = 40 mA 
IH = 2V, Vit = 0.85 V, IoL = 
RE at 2 V, Vo = 2. 


Vv; = 0.4V 


Vcc = 5.25 V 


Cc 
TAIl typical values are at Ta = 25°C and Vcc = 5 V. 
+Only one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpLH Propagation delay time, low-to-high-level output Cy = 30 pF, 


tpH_ Propagation delay time, high-to-low-level output See Figure 1 


tpLH Propagation delay time, low-to-high-level output Ci = 300 pF, 14 20 
tpH_ Propagation delay time, high-to-low-level output See Figure 2 12 20 


tp_z Output disable time from low level C_ = 30 pF, 9 17 
See Figure 3 15 30 


CL = 300 F 


See Figure 4 20 38 


tpz_ Output enable time to low level 


tp_z Output disable time from low level 


n 
ke 
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= 
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tpz_ Output enable time to low level 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 
Vcc 2.6V 


922 


PULSE CIRCUIT (see Note D) 


GENERATOR UNDER 
(see Note A) TEST 
(see Note B) 


Ci = 30 pF 
(see Note C) 
GND 


TEST CIRCUIT “ 
> je <5 ns > @<5ns 
ee on cam a 2.6 V 

ss ad Pisv 15 vt 
~ 10% | IN, 10% ig 
=| ie PHL tpLH+¢——_ 
@ VOH 
UY OUTPUT 1.5V 15V 
< Sto ea 
@ VOLTAGE WAVEFORMS 
> FIGURE 1. PROPAGATION DELAY TIMES FROM BUS TO RECEIVER OUTPUT 
@ 
2, 2.6 V Vcc 26V 
< 
@ 30 2 
= 
” 


CIRCUIT (see Note D) 


UNDER 
TEST 
PULSE (See Note B) C= 300 pF 
(see Note C) 


GENERATOR: 
(see Note A) 


OUTPUT 1.5V 15V 


VOLTAGE WAVEFORMS 


FIGURE 2. PROPAGATION DELAY TIMES FROM DRIVER INPUT TO BUS 


NOTES: A. The pulse generator in Figures 1 and 2 has the following characteristics: PRR < 10 MHz, duty cycle = 50%, Zoyt = 50 0. 
. All inputs and outputs not shown are open. 

. Ci includes probe and jig capacitance. 

. All diodes are 1N916 or 1N3064. 


00ND 


we 
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N8T26 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 
2.6V Vcc 5V 


B (all) CIRCUIT 240 2 


PULSE UNDER 
GENERATOR TEST 
(see Note A) D (all) (see Note B) 


5k (see Note D) 


(Probe) 


GND 


C. = 30 pF 
(see Note C) 


TEST CIRCUIT 


@-P- <5 ns e-P}- <5 ns 
3.3. ee YL 


INPUT 


OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 3. RECEIVER ENABLE AND DISABLE TIMES 


VCC 5V 
2.6V 


” 
then 
® 
= 
® 
Oo 
® 
ec 
en 
” 
kee 
® 
E4 
des 
a) 
® 
£ 
= 


D (all) 


CIRCUIT 
UNDER 
TEST 
(see Note B) 


GND 


PULSE 
GENERATOR 
(see Note A) 


R (all) 
OPEN 


(see Note D) 


5k 
(Probe) 


C, = 300 pF 
(see Note C) 


IePt- <5 ns @-Pt- <5 ns 
| 


90% 


INPUT 15V 


OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 


NOTES: A. The pulse generator in Figures 3 and 4 has the following characteristics: PRR < 5 MHz, duty cycle = 50%, Zoyt = 502. 
B. All inputs and outputs not shown are open. 
C. Cy includes probe and jig capacitance. 
D. All diodes are 1N916 or 1N3064. 
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INFORMATION | - DRIVER/RECEIVER PAIR WITH SQUELCH 


D2959, JANUARY 1987 


IEEE 802.3 1BASE5 Driver and Receiver DW, J, OR N PACKAGE 


On-Chip Receiver Squelch with Adjustable (TOP VIEW) 


Threshold DRDLAJ(]1 Ui16e[)Vcc _ 
DRO + []2 15] DATEN 
DRO — 141_| DRI 
Direct TTL-Level Squelch Output SQDLAJ[]4  =13[]DLEN 
RXi+Lj5 121 }RXO 


@ Adjustable Squelch Delay 


Squelch Circuit Allows for External Noise 


et3 RXI— 11| ]SQ0 
Filterin 
g SOTHAJ(17 ‘101 ]SQDLI 
Two Driver-Enable Options GND | ]8 91 |SQRXO 


On-Chip Start-of-Idle Detection and Disable 


Driver Guarantees 2.0 Volts Minimum into a 50-Ohm Differential Load to Allow for Use with 
Doubly-Terminated Lines and Multipoint Architectures 


@ On-Chip Driver Slew-Rate Control for Very Closely Matched Output Rise and Fall Times 


Driver Data Enable. When low, places driver outputs in an active state. When high, the driver outputs 
are in a high-impedance state if DLEN is also high. 


DLEN 13 Driver Delay Enable. When this signal is low and DATEN is high, the driver outputs are active for a 


period of time set by DRDLAJ after a positive-going transition on DRI. If there is no active data on DRI, 
the outputs are in a high-impedance state. 
Driver Delay Adjust is a connection for the external R-C combination that determines the duration of 


the driver output active state after a positive transition on DRI when DLEN is low and DATEN is high. 


DNS CS oa 


0 
me) 
Oo 
+ 


Oo 
B®) 
NO] + 


o1] CO} W& 


RXI — 6 Inverting Receiver Input 
RXO 12 Main Receiver Output 
SQDLAJ 4 Squelch Delay Adjust is a connection for an external R-C combination that determines the duration 


of the receiver unsquelch after a negative-going transition on SQDLI. 
Squelch Delay Input is the input to the one-shot that controls the duration of the receiver unsquelch 


period. The main receiver output remains unsquelched as long as SQDLI is held high. Timing of the 


unsquelch period begins on the high-to-low transition of SQDLI. 


Squelch Output is high while the receiver is squelched. 


SQRXO Squelch Receiver Output is high only when the differential receiver input exceeds the threshold set 
by SQTHAJ. 


SQTHAJ Squelch Receiver Threshold Adjust. The voltage at this input determines the threshold of the squelch 
receiver in a ratio of —2, SQTHAJ to threshold. If left open, the squelch receiver threshold defaults 
to —600 mV. 


Vcc 16 Supply voltage input 


Copyright © 1987, Texas Instruments Incorporated 
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SN75061 ADVANCE 
DRIVER/RECEIVER PAIR WITH SQUELCH INFORMATION 


FUNCTION TABLES 


RECEIVER SQUELCH 
OUT THRESHOLD 


DRIVER DATA DELAY 
OUTPUT+ OUTPUT - IN — 
IN ENABLE ENABLE 
L H No active signal 
; L H L 8 
Active signal! 
H L H L 


T This condition is valid during the time period set by Driver Delay Adjust following a rising transition on Driver In. Following 
this, if no subsequent positive transition occurs on Driver In, the outputs will go to the high impedance state. 

+ This condition is valid if it occurs within the enable time set by Driver Delay Adjust after a rising transition on Driver In. Otherwise 
the outputs will be in the high-impedance state. 

8 Pins 9 and 10 are tied together. 

4 An active signal is one that has an amplitude greater than the threshold level set by Squelch Threshold Adjust. 


se 
= 


logic diagram (positive logic) 
SLEW CONTROL 


NONINVERTING 
DRIVER OUTPUT, 


SLEW CONTROL ORO + 


DRIVER DATA (14) 


INPUT, DRI siichanateat 
DRIVER OUTPUT, 
DRIVER DATA (15) DRO - 
ENABLE, DATEN 
DRIVER DELAY (13) 
ENABLE, DLEN 
DRIVER DELAY 
ADJUST, DRDLAJ 
Cc 
hy 
NONINVERTING 
RECEIVER (5) 
INPUT, RXI+ mae 
encereraies 18) ; (12) MAIN RECEIVER 
paneiucn t OUTPUT, RXO 
INPUT, RXI- re ee: 
" | oyyi 4p tp 
= ) > (11) SQUELCH 
ee OUTPUT, SQ0 
7 i> pre 
SQUELCH RECEIVER Cr 
THRESHOLD -! ms ‘dn i 
ADJUST, SOQTHAJ SQUELCH SQUELCH SQUELCH 
RECEIVER DELAY DELAY 
== OUTPUT, INPUT, ADJUST, 
SORXO SQDLI SQDLAJ 
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ADVANCE , SN75061 
INFORMATION DRIVER/RECEIVER PAIR WITH SQUELCH 


description 


The SN75061 is a single-channel driver/receiver pair designed for use in IEEE 802.3, 1BASE5 applications 
as well as other general data communications circuits. The SN75061 offers the system designer both a 
driver and a receiver that are easily configured for use with a variety of controllers and data 
encoder/decoders. 


The receiver features a full analog squelch circuit with an adjustable threshold and a programmable squelch 
delay. Internal nodes of the squelch circuitry are brought out to external connections to allow for the insertion 
of noise filtering circuitry of the designer’s choice. 


As with the receiver, the driver offers the user a variety of implementation options. Driver enabling may 
be controlled directly by an external logic input, or by use of an on-chip one-shot that is retriggered as 
long as data is being sent to the driver. The driver will then automatically go to the high-impedance state 
when end-of-packet occurs. The driver features internal slew-rate control for optimal matching of rise and 
fall times allowing for reduction of driver-induced jitter. 


receiver 


The SN75061 receiver implements full analog squelch functions by integrating both a separate, parallel 
squelch receiver with an externally programmable threshold, and a programmable one-shot. The output 
of the squelch receiver and the input to the high-level dc-triggered one-shot are brought out to external 
connections. These pins can be shorted for direct implementation, or used for the insertion of noise-filtering 
circuitry of the implementer’s design. The receiver one-shot can be effectively bypassed by applying a 
high logic level to Squelch Delay In. The squelch threshold may be set externally by applying an external 
voltage set to a level that is —2 times the desired threshold voltage. If Squelch Threshold Adjust is left 
open, the squelch receiver will default to its internal preset value of —600 millivolts. The receiver also 
outputs a high logic ‘‘squelch’’ signal when there is no active data present at the receiver inputs. When 
no data is present on the transmission line, the receiver output assumes a high level. The ‘‘unsquelch”’ 
duration is set externally with an R-C combination at Squelch Delay Adjust. 


2] 
he 
® 
= 
® 
oO 
® 
ce 
— 
” 
he 
® 
> 
= 
a) 
@o 
£ 
ol 


driver 


The driver offers the user a variety of implementation options. Driver enabling may be controlled directly 
by an active-low external logic input on Data Enable, or by use of another on-chip one-shot that retriggers 
with positive-going transitions on the driver input line. If no positive transition occurs within the pulse 
duration set by an external R-C combination, the one-shot times out and the driver is automatically put 
into a high-impedance state. When operating in the delay-enable mode, the 2-bit-time high-level start-of- 
idle pulse prescribed by IEEE 802.3 1BASE5 causes the one-shot to time out and automatically place the 
driver outputs in the high-impedance state. This delay time is also adjustable for use in other applications. 


The driver implements an output slew-rate control that is internally set for nominally 40 mV/ns. (This is 
roughly a 100-ns peak-to-peak differential transition time.) The driver outputs are capable of driving a 50-ohm 
differential load with a guaranteed minimum output level of 2 volts. Short-circuit output current is guaranteed 
to be greater than 100 milliamperes. 
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SN75061 ADVANCE 
DRIVER/RECEIVER PAIR WITH SQUELCH INFORMATION 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


muy wettaeg: Vile iss 5a sud Gass Ee be ek AsiGh i oeuet esi oh ee bea a es 7V 
PISA WOM OCGA TEIY: POCO NSE eo 5 1S en. ai lesdiaiy wadi-s GS Sockets pce tess bea SE we 7V 
RmGe Verh rerentian innit -VONAGS 55.553. . <5 Re Se sas SE eee Lee a ae #25.:V 
RVG EOE LIL WESTIN eee aca ghee Sw Eee PP ie ob os Pee Le oa annie lee #£15.V 
REE COUSINS OUND aos os oe eS ac ae ates wheats ya wk a aed -0.5Vto 15 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1): 

eee SN ICRI rors Yo a cae ee on ee ee I ete he on aad oe eee 1025 mW 

POM NO Pes a a tees tne ec as ga Bee OE Oe Ee Pak ee 1150 mW 
Operating. free-air-temperature anges. % + 6 oc. ci Se a a ee MS ete sae wee 0°C to 70°C 
Storage temperature range ...............-.. SEE Snge See evant —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package ....... 260°C 


NOTE 1: For operation above 25°C free-air temperature, derate the DW and J packages to 656 mW at 70°C at the rate of 8.2 mW/°C, 
and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


ee he ee eee ge eT emery Herre a | 
Paenrwines iar eS a ee pa eee ov 
Rigiiwimtchne Wi oe PE 
Sone Uwied nut Via, VS 
[Driver high-level output current, i9g SOA 
ver low: Pore ged | ana _| 

i Seren erey 

ii pga ees me 


. 
=| 
© 
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= 
< 
© 
= 
” 
— 
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ce 
[External timing capacitance, Cg —SSSSSSCSCSSCSSSSSSSSSCSSCSC~*dSCSCN ition 


NOTE 2: The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 
for common-mode input voltage Vic and threshold levels VT} and VTL. 
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ADVANCE SN75061 | 
INFORMATION DRIVER/RECEIVER PAIR WITH SQUELCH 


electrical characteristics over recommended operating free-air and supply voltage range (unless 
otherwise noted) 


driver 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Vik___Input clamp voltage et 


eee FB me 
AL = 1158 pec 5 ee eee 
oO cetera fe 
for a change in logic input state 
Sere SSS ie 
po A ee eee 
ce 


iH High-level input current Vi = 2.4 V 
Hie Low-level input current Vv; = 0.5 V 
los Short-circuit output current Vo =OVor6vV, Vi = O0.8Vor2.5V +100 +300 


| High-impedance output c nt V = 5.25 V x vat 
igh-im ance output curre = 5) eG = OY ey oa kee 
ue = : 4 oe Voc = 9 Pinto es Steer 


receiver 


PARAMETER TEST CONDITIONS 


Vik Input clamp voltage, squelch delay 


VtH_ Differential-input high-threshold voltage 


Vv Differential-input low-threshold 
TL voltage (see Note 2) 
Vhys Hysteresis (VTH — VTL) 


Vic Common-mode input voltage 


V High-level output voltage 
Octet gre 24,75, - lon_=. =205A. 


-0.7 V, SQDLAJ open 


” 
Some 
© 
= 
® 
rz, 
© 
cc 
— 
wt 
thes 
® 
a: 
Sew 
QO 
© 
= 
= 


Vcc = 4.75 V, 
lo. = 16 mA 
SQDLAJ at 2 V 
lol = 8mA 
Voc = 478, 
sarxo | CC ou 
Vip(RX!) = 50 mV | Io_ = 16 mA 
igh-level i Vi = 2.4V 
uu High-leve rl current SODLI | 
IL c 


VoL Low-level output voltage 


Low-level input current 


los _ Short-circuit output current 


Vi = 0.5 V 


RXO 
Vcc = 5.25 V, 


SQRXO Vcc = SV, 
ry Input resistance 
Squelch preset threshold voltage 


driver and receiver 


Vcc = 5.25 V, Driver outputs disabled, 
| t 70 
lcc Supply curren hae Aral 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: The algebraic convention, in which the less-positive (more negative) limit is designated as minimum, is used in this data sheet 
for common-mode input voltage Vic and threshold levels Vty and VTL. 


ADVANCE INFORMATION 


EXAS 4% “nn 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


, 
} 


SN75061 | | xe ADVANCE 
DRIVER/RECEIVER PAIR WITH SQUELCH INFORMATION 


switching characteristics, Vcc = 5 V, Ta = 25°C 


driver ; 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
2 


SR Differential-output slew rate ; : ‘ 8 52 | mV/ns 
Ri = 100 Q (differential), See Figure 1 
Differential-output delay time Ci = 15 pF, 


40 

28 1 
2 

5 


t 
si (top + and top _) R; = 100 2 (differential), See Figure 2 


1 
Differential-output delay time ; 
t —tpp — Ri = 100 Q (differential), See Figure 2 


Sees 
Disab! f DATEN 

isabie time trom a. | 
| tezH | boa 
| tezu | Pree | 


Seariee Say Hgures 04. alos 


Enable time from DATEN 


No 


fou Enable time from DLEN 
ate Cre C 100 pF, R 62k, See Figure 6 ae 3 
“ase = - = - igur Ss 
(with DLEN low) ext oie : 
o. receiver 
® 
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 

U ten(RX) Receiver enable time Squelch off, See Figure 7 eee OAS 
< tPLH Propagation delay time, low-to-high-level output Squelch off, See Figure 8 20 35 Pee: 
@ tPHL Propagation delay time, high-to-low-level output Squelch off, See Figure 8 22 35 ke ne | 
” Cext = 50 pF, Rext = 51 kf 

3 eis : c_| Mext 1 4.2 1.48 

igure 

© tunsq  Unsquelch duration time : 

© Cext = O, Rext = 6.8 kQ, 

©. See Figure 9 

< 

@ 

7) 

PARAMETER MEASUREMENT INFORMATION 
5V 
Rext = 62 kQ 
DRDLAJ ne es aes BY 

> 7 Cext = 100 pF INPUT 
O ov 

= DRO + 

OUTPUT 

Z GENERATOR a 2Vv 5 
‘@) (See Note A) gin he hay peti a MAS tage ope Pei des: aie # 
rT | 

= tr jt 4vV >| je- tf 

Pa DATEN at 0.5 V wo cae 

=r ty or tf 

Oo TEST CIRCUIT VOLTAGE WAVEFORMS 

J FIGURE 1. DRIVER SLEW RATE MEASUREMENTS 

< NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, Duty Cycle < 50%, t, <6 ns, 
> tps 6ns, Zn45-=' 50 2: 
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PARAMETER MEASUREMENT INFORMATION 


5 V 


am = SV 
| OV 


DRO + top+1 - top-> je- 
| + — —Yos 
OUTPUT ois. i. 
DRO - Vo- 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2. DRIVER DIFFERENTIAL DELAY TIMES 


DRDLAJ 


GENERATOR 
(See Note A) 


CL = 15 pF 


DATEN at 0.5 V L (see ie acta 


5V 
Rext = 62 k2 


” 
tho: 
® 

2 
® 
DRDLAJ . 
ce 
DLEN at 3 V <a Beitinay 3V 7 
DRO + INPUT 15V-15V “s 
OUTPUT Siatcas — 
DRI at 0 V or 3V | + Ov = 
t 0.5V 
Bre tezHfe—>]tPHZ-}e > = 
Cy, = 50 pF —VoH 
{See Note B) 1 8 | i S 
a OUTPUT ¥ a 


GENERATOR 
(See Note C) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. DRIVER ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, Duty Cycle < 50%,t, < 6 ns, 
te = 6ns, Zoyt = 502. 
B. Cy includes probe and jig capacitance. 
C. The input pulse is supplied by a generator having the following characteristics: PRR < 500 kHz, Duty Cycle < 50%, 
tr = 6ns, te <= 6ns, Zoyz = 50 2. 
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PARAMETER MEASUREMENT INFORMATION 


5V 


DRDLAJ 


3V 


INPUT 
—+———ov 


| | 
tpz_>| fe 3 tpLza]ie 
| 


Cy = 50 pF | 
| (See Note B) l =5V 
OUTPUT 2.3V ¢ 
GENERATOR 50 2 
(See Note A) ear Yow VOL 
0.5 V 
aoa TEST CIRCUIT VOLTAGE WAVEFORMS 
= FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 
3 Rext = 62 k?Q 
a DRDLAJ fied ee ome Sf 
— 
INPUT # 1.5V 
@ 
_s tPZH 
= le 4 
g OUTPUT 
nee = ol V 
” GENERATOR | OH 
(See Note C) i= OUTPUT 2.3V La 
100 2 
Cy, = 50 pF | aedaerde kh! 
(See Note B) | 
DATEN at 3 V =— 
TEST CIRCUIT VOLTAGE WAVEFORMS 
a FIGURE 5. ENABLE TIMES FROM DELAY ENABLE 
< NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 500 kHz, Duty Cycle < 50%, 
> tr = 6ns, te = 6ns, Zoyt = 502. 
B. Cy, includes probe and jig capacitance. 
Zz C. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, Duty Cycle < 50%,t, <6 ns, 
‘@) tr< 6 ns, Zoyt.= 50 2. 
rr 
2 
So 
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ADVANCE SN75061 
INFORMATION DRIVER/RECEIVER PAIR WITH SQUELCH 


PARAMETER MEASUREMENT INFORMATION 


5V 


DRDLAJ 


Cext = 100 pF 


OUTPUT 


GENERATOR 
(See Note C) 100 2 


DATEN at 3 V 
TEST CIRCUIT 
———3V 
INPUT i \ 
Ov 
}¢—twien) — 0.5 V 
a x — VOH 
OUTPUT a3aV #. 
OV 


VOLTAGE WAVEFORMS 
FIGURE 6. ENABLE DURATION TIME WITH DELAY ENABLE LOW 


2) 
hen 
® 
= 
® 
©) 
® 
cc 
~— 
~” 
tee 
® 
> 
a me 
Q 
® 
£ 
aul 


5V 


Rext = 51 kQ 
3V 

INPUT 15V 1.5V 
Cext = 50 pF | —-—-—-O0Vv 


SQDLAJ 


GENERATOR 
(See Note A) 


P| i ten(RX) 
| VOH 
OUTPUT OUTPUT 1.3V 1.3V 
N CL = 15 pF agg estan: 
SQTHAJ ti. (See Note B) 
SQRXO SQDLI 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 7. RECEIVER ENABLE (UNSQUELCH) TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 500 MHz, Duty Cycle < 50%, 
tr < 6 ns, te < 6ns, Zoyt = 502. 
B. Cy includes probe and jig capacitance. 
C. The input pulse is supplied by a generator having the following characteristics: PRR < 200 kHz, Duty Cycle < 50%, t, <6 ns, 
tes 6s, Zoyt = 502. 
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- S$N75061 ~ ADVANCE 
DRIVERIRECEIVER PAIR WITH SQUELCH INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


SV 


—-—-—3V 
INPUT His V 1.5 v\. 
Cext = 50 pF | OV 


| 
teLH Ke tPHL Oe 


| + — —VoH 
OUTPUT OUTPUT 1.3V 1.3V 
VOL 


Cy = 15 pF 
+. (See Note B) 


SQDLAJ 


GENERATOR 
(See Note A) 


3V 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 8. RECEIVER PROPAGATION DELAY TIMES 


C. 
am 5V 
“6 R 51 kQ 
ext = 
Uo SQDLAJ 3V 
< GENERATOR INPUT 1.5V 1.5V 
@ Cc = 50 pF 
= (See Note C) “TO vont Pp do = = OV 
” 
- tunsq—> oe 
® | VOH 
4) OUTPUT 1.3V 1.29 
< ce 
@ SQTHAJ OL 
PP OUTPUT 
SQRXO - SQDLI 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 9. UNSQUELCH DURATION TIME 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, Duty Cycle < 50%, t, < 6 ns, 
| tt = 6ns, Zoyt = 50 2. 
> B. C, includes probe and jig capacitance. 
7 C. The input pulse is supplied by a generator having the following characteristics: PRR < 100 kHz, Duty Cycle < 50%, 
< tr = 6ns, te = 6 Ns, Zoyze = 50 02. 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 


D2304, JANUARY 1977—REVISED OCTOBER 1986 


@ High Speed SN55107A, SN55107B, SN55108A 
SN55108B... J PACKAGE 
@ Standard Supply Voltage SN75107A, SN75107B, SN75108A 
“Dual Channals SN75108B...D, J, OR N PACKAGE 
(TOP VIEW) 
@® High Common-Mode Rejection Ratio 
@ High Input Impedance 
® High Input Sensitivity 
® Differential Input Common-Mode Range of 
me 
@® Strobe Inputs for Receiver Selection 
@ Gate Inputs for Logic Versatility SN55107A, SN55107B, SN55108A, 
: be SN55108B. . . FK PACKAGE 
® TTL Drive Capability (TOP VIEW) 
@ High DC Noise Margin Pia 
OO 
@ ‘107A and '107B Have Totem-Pole Outputs ee ey 
@ ‘108A and '108B Have Open-Collector 70 19 


Outputs ncNa Ree 

@ ‘‘B’ Versions Have Diode-Protected Input NC U5 17 NC 
for Power-Off Condition 1Y [6 16 [| 2B 
NC {J 7 15/1 NC 

1GJ8 14[]NC 


description 


These circuits are TTL-compatible high-speed 
line receivers. Each is a monolithic dual circuit 
featuring two independent channels. They are 
designed for general use as well as such specific HENS intaeal eotne ction 
applications as data comparators and balanced, 

unbalanced, and party-line transmission 

systems. These devices are unilaterally 

interchangeable with and are replacements for 

the SN55107, SN55108, SN75107, and 

SN75108, but offer diode-clamped strobe inputs 

to simplify circuit design. 
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The essential difference between the ‘‘A’’ and ‘‘B”’ versions can be seen in the schematics. Input-protection 
diodes are in series with the collectors of the differential-input transistors of the ‘’B’’ versions. These diodes 
are useful in certain ‘‘party-line’’ systems that may have multiple Vcc + power supplies and may be operated 
with some of the Vcc + supplies turned off. In such a system, if a supply is turned off and allowed to 
go to ground, the equivalent input circuit connected to that supply would be as follows: 


INPUT Tk: a ere te 


“A’’ VERSION ““B’’ VERSION 


This would be a problem in specific systems that might possibly have the transmission lines biased to 
some potential greater than 1.4 volts. 


The SN55107A, SN55107B, SN55108A, and SN55108B are characterized for operation over the full 
military temperature range of —55°C to 125°C. The SN75107A, SN75107B, SN75108A, and SN75108B 
are characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information : Copyright © 1981, Texas Instruments Incorporated 
current as of publication date. Products conform !] 

to —— per h net of Liapertme poacim va TEXAS 4-73 
standard warranty. Production processing does not + 
necessarily include testing of all parameters. INSTRUMENTS 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 


logic symbolst 


$N55107 SN55108 
SN75107 SN75108 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 


logic diagram (positive logic) 


(6) 
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FUNCTION TABLE 


DIFFERENTIAL 
INPUTS eae og hele 
A-B 


-25 mV < Vip < 25 mV —_ 


Indeterminate 


Xx L 


H = high level, L = low level, X = irrelevant 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 


schematic (each receiver) 


a eee x 
400 2 , 
4 
j 
a 
zs 4.8 ko B r-+-- 
* i: 800 2 
4 (4, 9) QUTPUT 
Y 
3 — 
i Gel are 


INPUTS 
& (2° 11} 


| TO BOTH 
| RECEIVERS 


aes cat 

I 

| 

Ee | COMMON : 
Saree : 

j 

(6) STROBE 


Vcc - S 


TO OTHER RECEIVER 


TR = 1 kQ for ‘107A and '107B, 750 © for ‘108A and '108B. 
NOTES: 1. Resistor values shown are nominal. 
2. Components shown with dashed lines in the output circuitry are applicable to the ‘107A and ‘107B only. Diodes in series 
with the collectors of the differential input transistors are short-circuited on ‘107A and ‘108A. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
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Supply voeae, Wie. 1866 Note aie coe ei ek ee OR ws ae aah wos wae De RT 7V 
SR OTE Me. oa. a5 sr ccc RIA ete AAC se Ea oS A Oke as RIS es -7V 
Dittererntelinnut vonage tone. Notts 8 6. soe xa ee we Sees ok ov eS ee es ee ee ass +6V 
COMMON-MOde INPUT WOITAGS (600 Pee Ds re eed oe ee be wees hehe, woe ee +5 ¥ 
pres ne VO Ss ss a eee ea Bibiana tate by ae eek 6b 0 9 ob a es we ee ee ha 5.5 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 6): 
Ean at oe GN Sine eo yee RE ae IES Spb wah Sd aw kkk eS a ee aes 950 mW 
a aa near erent, ate PR LS 7s Ok a a ann al ae rae eee man er 1375 mW 
pe eI 52a. ME Stee eck. Beak eh OA OE Ee is od ud ke SF oS OR 1025 mW 
cok | aE a SAR mee SeTRE IE Fora AON oer Site uy ogee SNe ROE ieee rene Pa an 2 1150 mW 
Operating free-air temperature range: Series 55........... 2... 0.0002 ee eee — 55°C to 125°C 
, IY see i cy cc al re ee a ee 0°C to 70°C 
See CEMGNEy CUTTREIREATUN SS FON oa Sg ak aA ee Sek ois. 6k Ae Rd wee mie heme n -—65°C to 150°C 
Case temperature tor GO seconds: FK package: . = iii 2 ok eee we ee eee es 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260°C 


NOTES: 3. All voltage values, except differential voltages, are with respect to network ground terminal. 

. Differential voltage values are at the noninverting (A) terminal with respect to the inverting (B) terminal. 

. Common-mode input voltage is the average of the voltages at the A and B inputs. 

. For operation above 25°C free-air temperature, derate linearly at the following rates: 7.6 mW/°C for the D package, 11.0 
mW/°C for the FK package, 8.2 mW/°C for the J package, and 9.2 mW/°C for the N package. 
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recommended operating conditions (see Note 7) 


SN55107A, SN55107B SN75107A, SN75107B 
SN55108A, SN55108B SN75108A, SN75108B UNIT 


Supply voltage, Voc ET A NT ee 
peti see oA SR WE vs Fr RES Pe FT 


High-level input volt bet diff tial inputs, 
igh-level input voltage between differential inputs 0.025 5 0.025 P y 
VIDH (see Note 8) 
Low-level input voltage between differential inputs, oes 0.025 _5t 0.025 
VipL (see Note 8) 


Low-level output current, JOL peer t ee oe A 
Operating free-air temperature, Ta —55 125 6) 70 


tT The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for input 


c. voltage levels only. 
2 NOTES: 7. When using only one channel of the line receiver, the strobe G of the unused channel should be grounded and at least one 
of the differential inputs of the unused receiver should be terminated at some voltage between —3 V and 3 V. 

oO 8. The recommended combinations of input voltages fall within the shaded area of the figure shown. 
- 9. The common-mode voltage may be as low as —4 V provided that the more positive of the two inputs is not more negative 
OO than -—3 V. 
OH 
—~ RECOMMENDED COMBINATIONS 
a OF INPUT VOLTAGES 
'?) 3 
@. > 
< Eine 
i) o 
a ei 

° 

ae 

25 

= i 

© : 

O -2k 

2 

“mS 

5 aR 

2. 

& Rea ; 

-5 
-5 -4-3-2-10 1 2 3 
Input B to Ground Voltage—V 
Texas W 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 
DUAL LINE RECEIVERS 


electrical characteristics over recommended free-air temperature range (unless otherwise noted) 
‘107A, ‘107B | ‘108A, ‘108B 
PARAMETER TEST CONDITIONST UNIT 
| _ranameren | rest conomonst. MIN TYP? MAX |MIN TYP? MAX 
High-level Vip = 5V 30 30 75 
NH ; Vcc+ = MAX pA 
input current ee Vip = -5V 30 
Low-level Vip = -5V = 
HL Vcc+ = MAX 
input current aS Vip =5V 
' High-level input current} Vcc + = MAX, Vipis) = 2.4 V 
into 1G or 2G Vcoc+ = MAX, VinH(s) = MAX Vcoc+ 
| —_ 


SIN 
o7}] O1 
ié%) 
oO 
~ 
on 


L 
pp 
Be 
5 


Low-level input current 
V = MAX, V = 0.4 V 
into 1G or 2G CC+ IL(S) 
' High-level input Vec+ = MAX, Vin(s) = 2.4 V 
current into S 


Vcc+ = MAX, Vinis) = MAX Voc+ 


1H 
IL 
1H 
Low-level input 7 be eames mole 
= current into S cCc+ ~ ee 
O 
O 
8) 


3 
> 


Nh 
b 
| 
‘ wo 
pb Nm [rh 


| 
~ 
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Vec+ = MIN, Vitis) = 0.8 V, VipH = 25 mV, 
lIOH = —400 pA, Vic = -3 Vto3V 


V High-level 
H output voltage 
V Low-level Veoc+ = MIN, Vinis) = 2V. Vip = -25 mV, 
kL output voltage lo. = 16mA, Vic = -3Vto3V 
High-level 
| Vv = MIN, V = MAX V 
Short-circuit 
| V = MAX ~18 re 
OS output current 
Supply current from 
Vv = MAX, Ta = 25°C 18 
Supply current form 
| “e V = MAX, Ta = 25°C 4 -—15 —8.4 15 
en Vcc —, outputs high cc A 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
¥ All typical values are at Voc + = 5 V, Vcc— = -5V, Ta = 25°C. 
§ Not more than one output should be shorted at a time. 
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switching characteristics, VCC + = +5 V, Ta = 25°C, see Figure 1 


PARAMETER TEST CONDITIONS 
MIN TYP MAX 


; Propagation delay time, low-to-high-level | Ry, = 3902, Cy = 50 pF 17 25 ease aS 
PLH(D) output, from differential inputs A and B R_ = 3900, Cy = 15 pF Ras ere 
Propagation delay time, high-to-low-level | Ry = 3900, Cy = 50 pF 


: = 
PAR) output, from differential inputs A and B RL = 3900, Cy = 15 pF 


Propagation delay time, low-to-high-level | Ri = 3902, Cy = 50 pF 


t 
PLH(S) output, from strobe input G or S R~ = 3902, Ci 415 pF 


Propagation delay time, high-to-low-level | Ry = 3902, Cy = 50 pF 
output, from strobe input G or S Ri = 3900, Cy = 15 pF 


tPHL(S) 
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SN55107A, SN55107B, SN55108A, SN55108B 
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PARAMETER MEASUREMENT INFORMATION 


DIFFERENTIAL as Vcc - 
—. ne 107A, ‘107B 
pate Ds: 
| * O 
PULSE 
GENERATOR | 50 0 50 pF 
(See Note A) | Vref | a (See Note C) 
1 1100 mv | 
ee 
& 
ae v BOTS 4 SUN (See Note D) 
2B | 
S 
+4 OUTPUT 
a ‘108A, '108B 
= Cy 
rs 15 pF 
STROBE (See Note C) 
0 INPUT he 
a. (See Note B) = “6 
~ PULSE 
o GENERATOR 
sl (See Note A) 
a 
e TEST CIRCUIT 
@. 
2 INPUT . 
7) 
: 
| : 
acct 4 ae ee 
STROBE | 
INPUT | 
Gors | | a 
| —>| I— tPHL(D) mao 0 V 
tPLH(D) >| ke— | | | 
| tpLHis) > ke >| le tPHLis) 
NN : ae 
me ¥ings 1.5V 1.5V 1.5V 1.5 V 
VOL 


VOLTAGE WAVEFORMS 


FIGURE 1. PROPAGATION DELAY TIMES 


NOTES: A. The pulse generators have the following characteristics: Zoyz = 502, tr = 10 +5 ns, te = 10 +5 ns, tpgi = 500 ns, 
PRR = 1 MHz, tpg2 = 1 us, PRR =< 500 kHz. 
B. Strobe input pulse is applied to Strobe 1G when inputs 1A-1B are being tested, to Strobe S when inputs 1A-1B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 
C. Cy includes probe and jig capacitance. 
D. All diodes are 1N916. 
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TYPICAL CHARACTERISTICSTt 


OUTPUT VOLTAGE HIGH-LEVEL INPUT CURRENT INTO 1A or 2A 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


100 


60 


Vo — Output Voltage—V 


20 


tH — High-Level Input Current—yA 


Line Drivers/Receivers > 


1) 1) 
-40 -30 -20 -10 0 10 20 30 40 -75 -50 -25 0 25 50 75 100 125 
Vip — Differential Input Voltage—mV Ta —Free-Air Temperature — °C 
FIGURE 2 FIGURE 3 
‘107A, '107B 
PROPAGATION DELAY TIME 
SUPPLY CURRENT, OUTPUTS HIGH (DIFFERENTIAL INPUTS) 
VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vcc+ = +5V 


R_ = 390 2 a 
£ c 
! , 
S § 
= m 
é ; mie 
= rT) ae 
S F ae 
” 2 poe 
: oA 
I © 
oO o 
: : ae 
; Ba 
-75 -50 -25 O 25 50 75 100 125 -75-50 -25 0O 25 50 75 100 125 
Ta—Free-Air Temperature— °C Ta —Free-Air Temperature — °C 
FIGURE 4 FIGURE 5 
T Values below 0°C and above 70°C apply to SN55 Series only. 
T aig 
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SN55107A, SN55107B, SN55108A, SN55108B 
SN75107A, SN75107B, SN75108A, SN75108B 


DUAL LINE RECEIVERS 


TYPICAL CHARACTERISTICST 


‘108A, ‘108B 
PROPAGATION DELAY TIME, LOW-TO-HIGH LEVEL 
(DIFFERENTIAL INPUTS) 
vs 
FREE-AIR TEMPERATURE 


: 
F 


tPLH(D) —Propagation Delay Time —ns 


-J5.-80 -25 0 . 25 .50 7&5 100.125 


Ta—Free-Air Temperature — °C 
FIGURE 6 


‘107A, '107B 
PROPAGATION DELAY TIME (STROBE INPUTS) 
vs 
FREE-AIR TEMPERATURE 


Vec+ = +5V 


Propagation Delay Time—ns 


100 125 


~“te so ~ens ey) ze: 60 gS 


Ta—Free-Air Temperature — °C 
FIGURE 8 


T Values below 0°C and above 70°C apply to SN55 Series only. 


‘108A, ‘108B 


PROPAGATION DELAY TIME, HIGH-TO-LOW LEVEL 


(DIFFERENTIAL INPUTS) 
vs 
FREE-AIR TEMPERATURE 


Vec+ = +5V 
CL = 15 pF 


tPHL(D) — Propagation Deiay Time—ns 


-75-50-25 0 25 50 75 100 125 


Ta —Free-Air Temperature — °C 
FIGURE 7 
‘108A, '108B 
PROPAGATION DELAY TIME (STROBE INPUTS) 


VS 
FREE-AIR TEMPERATURE 


Propagation Delay Time—ns 


-75 -50 -25 0 


25.50 75 100 125 


Ta—Free-Air Temperature — °C 
FIGURE 9 
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TYPICAL APPLICATION DATA 


basic balanced-line transmission system 


The ‘107A, '107B, ‘108A, and '108B dual line circuits are designed specifically for use in high-speed data 
transmission systems that utilize balanced, terminated transmission lines such as twisted-pair lines. The 
system operates in the balanced mode, so noise induced on one line is also induced on the other. The 
noise appears common-mode at the receiver input terminals where it is rejected. The ground connection 
between the line driver and receiver is not part of the signal circuit so that system performance is not 
affected by circulating ground currents. 


The unique driver-output circuit allows terminated transmission lines to be driven at normal line impedances. 
High-speed system operation is ensured since line reflections are virtually eliminated when terminated lines 
are used. Crosstalk is minimized by low signal amplitudes and low line impedances. 


The typical data delay in a system is approximately (30 + 1.3 L) nanoseconds, where L is the distance 
in feet separating the driver and receiver. This delay includes one gate delay in both the driver and receiver. 


Data is impressed on the balanced-line system by unbalancing the line voltages with the driver output 
current. The driven line is selected by appropriate driver-input logic levels. The voltage difference is 
approximately: 


VDIFF ~ 1/2IQ0(on) * RT. 


High series line resistance will cause degradation of the signal. The receivers, however, will detect signals 
as low as 25 mV (or less). For normal line resistances, data may be recovered from lines of several thousand 
feet in length. 


Line-termination resistors (RT) are required only at the extreme ends of the line. For short lines, termination 
resistors at the receiver only may prove adequate. The signal amplitude will then be approximately: 
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DATA INPUT TRANSMISSION LINE HAVING 
CHARACTERISTIC IMPEDANCE Zo 
Rt = Zo/2 


INHIBIT 
ia L & STROBES 
DRIVER RECEIVER 
SN55109A, SN55110A, ‘107A, ‘107B, ‘108A, ‘108B 
SN75109A, SN75110A, 
SN75112 
FIGURE 10 


data-bus or party-line system 


The strobe feature of the receivers and the inhibit feature of the drivers allow these dual line circuits to 
be used in data-bus or party-line systems. In these applications, several drivers and receivers may share 
a common transmission line. An enabled driver transmits data to all enabled receivers on the line while 
other drivers and receivers are disabled. Data is thus time-multiplexed on the transmission line. The device 
specifications allow widely varying thermal and electrical environments at the various driver and receiver 
locations. The data-bus system offers maximum performance at minimum cost. 
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TYPICAL APPLICATION DATA 


RECEIVER 1 RECEIVER 2 RECEIVER 4 
DRIVERS 


SN55109A, SN55110A, {> ey y > oh y [> ea. Y 
SN75109A, SN75110A, 
SN75112 
STROBES STROBES STROBES 


RT Rr 
i Gembebia ( Otuaehs Amiens Mecakee Paine GnOk cinks & Paka 


LOCATION 2 


RECEIV ; 
DRIVER 1 DRIVER 3 DRIVER 4 = 
‘107A, '107B, 


aN 
Bese De lees eee 
e 8 B 5 
Ste KS a 
D 


LOCATION 1 LOCATION 3 LOCATION 4 


DATA INPUT 


A 
B 
Cc 
INHIBIT 
D 


00] @B > 


FIGURE 11 


unbalanced or single-line systems 


These dual line circuits may also be used in unbalanced or single-line systems. Although these systems 
do not offer the same performance as balanced systems for long lines, they are adequate for very short 
lines where environmental noise is not severe. 
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The receiver threshold level is established by applying a dc reference voltage to one receiver input terminal. 
The signal from the transmission line is applied to the remaining input. The reference voltage should be 
optimized so that signal swing is symmetrical about it for maximum noise margin. The reference voltage 
should be in the range of — 3 volts to 3 volts. It can be provided by a voltage supply or by a voltage divider 
from an available supply voltage. 


SIBAIBIS 


A single-ended output from a driver may be used in single-line systems. Coaxial or shielded line is preferred 
for minimum noise and crosstalk problems. For large signal swings, the high output current (typically 27 mA) 
of the SN75112 is recommended. Drivers may be paralleled for higher current. When using only one channel 
of the line drivers, the other channel should be inhibited and/or have its outputs grounded. 


SN55109A, SN55110A 
SN75109A, SN75110A 
SN75112 


R ‘107A, ‘107B 
A OUTPUT INPUT ‘108A, ‘108B 
INPUT 
8 . OUTPUT 
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INHIBIT STROBES 
D Vo = -lo-R 


FIGURE 12 
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TYPICAL APPLICATION DATA 


"108A, ‘'108B dot-AND output connections ‘108A, ‘108B 


The ‘108A, ‘108B line receivers feature an open- 
collector-output circuit that can be connected in 
the dot-AND logic configuration with other 
similar open-collector outputs. This allows a level 
of logic to be implemented without additional 
logic delay. 


‘108A, ‘'108B 


DOT-AND 
CONNECTION 


SN5401/SN7401 or equivalent 


FIGURE 13 


increasing common-mode input voltage range of receiver 


The common-mode voltage range or CMVR is defined as the range of voltage applied simultaneously to 
both input terminals that if exceeded does not allow normal operation of the receiver. 


The recommended operating CMVR is +3 volts, making it useful in all but the noisiest environments. In 
extremely noisy environments, common-mode voltage can easily reach + 10 V to + 15 V if some precautions 
are not taken to reduce ground and power supply noise, as well as crosstalk problems. When the receiver 
must operate in such conditions, input attenuators should be used to decrease the system common-mode 
noise to a tolerable level at the receiver inputs. Differential noise is also reduced by the same ratio. 


These attenuators have been intentionally omitted from the receiver input terminals so the designer may 
select resistors that will be compatible with his particular application or environment. Furthermore, the 
use of attenuators adversely affects the input sensitivity, the propagation delay time, the power dissipation, 
and in some cases (depending on the selected resistor values) the input impedance, therefore reducing 
the versatility of the receiver. 
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The ability of the receiver to operate with TABLE B. TYPICAL PROPAGATION DELAYS FOR 
approximately + 15 volts common-mode voltage RECEIVER WITH ATTENUATOR TEST CIRCUIT 
at the inputs has been checked using the circuit SHOWN IN FIGURE 14 


shown in Figure 14. The resistors R1 and R2 
provide a voltage divider network. Dividers with 
three different values presenting a 5-to-1 
attenuation were used so as to operate the 
differential inputs at approximately +3 volts 
common-mode voltage. Careful matching of the 
two attenuators is needed so as to balance the 
overdrive at the input stage. The resistors used 
are shown in Table A. 


DEVICE PARAMETERS ee Mi 
ATTENUATOR (ns) 
Pot 


ot eee Gea iene ae 
cai ole eee ae 


TABLE A 


Attenuator 1: R1 2 kQ, R2 0.5 kQ 


Attenuator 2: R1 = 6 kQ, R2 = 1.5 kQ ‘108A, ‘108B 


Attenuator 3: R1 = 12 kQ, R2 = 3 kQ 


Table B shows some of the typical switching 
results obtained under such conditions. 
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TYPICAL APPLICATION DATA 


ONE 5 Vv 
+16V ATTENUATOR 
ON EACH RECEIVER 
OR -14V INPUT 

+14 V 
-16V 

+15 V 

OR 
-15v Rl 


-« FIGURE 14. COMMON-MODE CIRCUIT FOR TESTING INPUT ATTENUATORS, 
/ WITH RESULTS SHOWN IN TABLE B 

= Two methods of terminating a transmission line to reduce reflections are: 

# METHOD 1 METHOD 2 

7) 

=. 

< ee 

© 

PP & 

an R3 

mS) 

4°) 

R3 = R1 + R2 = Zo/2 R1 + R2> > Zo 

< R3 = Zo/2 

2 FIGURE 15 


The first method uses the resistors as the attenuation network and line termination. The second method 
uses two additional resistors for the line terminations. 
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TYPICAL APPLICATION DATA 


For party-line operation, method 2 should be used as follows: 


ATTENUATION NETWORK 


FIGURE 16 


To minimize the loading, the values of R1 and R2 should be fairly large. Examples of possible values are 
shown in Table A. 


furnace control using the SN75108A 


The furnace control circuit in Figure 17 is an example of the possible use of the SN55107A Series in areas 
other than what would normally be considered electronic systems. Basically the operation of this control 
is as follows. When the room temperature is below the desired level, the resistance of the room temperature 
sensor is high and channel 1 noninverting input is below (less positive than) the reference level set on 
the input differential amplifier. This situation causes a low output, operating the “‘heat on’’ relay and turning 
on the heat. The channel 2 noninverting input is below the reference level when the bonnet temperature 
of the furnace reaches the desired level. This causes a low output, thus operating the blower relay. Normally 
the furnace is shut down when the room temperature reaches the desired level and the channel 1 output 
goes high, turning the heat off. The blower remains on as long as the bonnet temperature is high, even 
after the ‘‘heat on’”’ relay is off. There is also a safety switch in the bonnet that shuts the furnace down 
if the temperature there exceeds desired limitations. The types of temperature-sensing devices and bias- 
resistor values used are determined by the particular operating conditions encountered. 
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FIGURE 17. FURNACE CONTROL USING SN75108A 
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TYPICAL APPLICATION DATA 
repeaters for long lines 


In some cases, the driven line may be so long that the noise level on the line reaches the common-mode 
limits or the attenuation becomes too large and results in poor reception. In such a case, a simple application 
of a receiver and a driver as repeaters [shown in Figure 18(a)] restores the signal level and allows an adequate 
signal level at the receiving end. If multichannel operation is desired, then proper gating for each channel 
must be sent through the repeater station using another repeater set as in Figure 18(b). 


REPEATERS 


oo priver [ # | RECEIVER priveR | # | RECEIVER ee 
P P 


a. SINGLE-CHANNEL LINE 


DRIVER | # | RECEIVER DRIVER 
P 
Aa | 4 | RECEIVER DRIVER 


P P 


DATA 
OUT 


DATA 
IN 


OE [pecan 


CLOCK 
IN 


b. MULTICHANNEL LINE WITH STROBE 


FIGURE 18. RECEIVER-DRIVER REPEATERS 


4/SI9AUQ aUly 


receiver as dual differential comparator 


There are many applications for differential comparators, such as voltage comparison, threshold detection, 
controlled Schmitt triggering, and pulse width control. 


As a differential comparator, a’107A or ’108A may be connected so as to compare the noninverting input 
terminal with the inverting input as shown in Figure 19. Thus the output will be high or low resulting from 
the A input being greater or less than the reference. The strobe inputs allow additional control over the 
circuit so that either output or both may be inhibited. 


STROBE 1 


REFERENCE 1 OUTPUT 1 
STROBE 1,2 


OUTPUT 2 
REFERENCE 2 


= STROBE 2 
FIGURE 19. SN55107A SERIES RECEIVER AS A DUAL DIFFERENTIAL COMPARATOR 
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TYPICAL APPLICATION DATA 
window detector 


The window detector circuit in Figure 20 has a large number of applications in test equipment and in 
determining upper limits, lower limits, or both at the same time — such as detecting whether a voltage 
or signal has exceeded its limits or ‘‘window’”’. lilumination of the upper-limit (lower-limit) indicator shows 
that the input voltage is above (below) the selected upper (lower) limit. A mode selector is provided for 
selecting the desired test. For window detecting, the ‘‘upper and lower limits’’ test position is used. 


+5V -5V 5V 


SELECTOR 
MODE SELECTOR LEGEND 


Line Drivers/Receivers ES 


POSITION CONDITION 
1 OFF 
2 TEST FOR UPPER LIMIT 
3 TEST FOR LOWER LIMIT 
4 TEST FOR UPPER AND LOWER LIMITS 


FIGURE 20. WINDOW DETECTOR USING SN75108A 
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TYPICAL APPLICATION DATA 


temperature controller with zero-voltage switching 


The circuit in Figure 21 switches an electric resistive heater on or off by providing negative-going pulses 
to the gate of a triac during the time interval when the line voltage is passing through zero. The pulse 
generator is the 2N5447 and four diodes. This portion of the circuit provides negative-going pulses during 
the short time (approximately 100 us) when the line voltage is near zero. These pulses are fed to the inverting 
input of one channel of the ‘108A. If the room temperature is below the desired level, the resistance of 
the thermistor is high and the noninverting input of channel 2 is above the reference level determined by 
the thermostat setting. This provides a high-level output from channel 2. This output is AND’ed with the 
positive-going pulses from the output of channel 1, which are reinverted in the 2N5449. 
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FIGURE 21. ZERO-VOLTAGE SWITCHING TEMPERATURE CONTROLLER 
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SN75109A, SN75110A, SN75112 
DUAL LINE DRIVERS 


D2106, DECEMBER 1975—REVISED SEPTEMBER 1986 


@ Improved Stability over Supply Voltage and SN55109A, SN55110A, . . . J PACKAGE 

Temperature Ranges - §N75109A, SN75110A, SN75112. . . 
D, J, OR N PACKAGE 

a 2 
Constant-Current Outputs (TOP VIEW) 

@ High Speed 

@ Standard Supply Voltages 

@ High Output Impedance 

@ High Common-Mode Output Voltage Range 


(-—3 V to 10 V) 
TTL Input Compatibility 


Inhibitor Available for Driver Selection 


SN55109A, SN55110A.. . FK PACKAGE 


output current regulation with supply voltage 
and temperature variations. In addition, the NC—No internal connection 
higher current of the SN75112 (27 mA) allows 

data to be transmitted over longer lines. These 

drivers offer optimum performance when used 

with the SN55107A, SN55108A, SN75107A, 

and SN75108A line receivers. 


(TOP VIEW) 
oo 
O 
orto UO> 
Switch 3.2 1.2019 oD 
Switch nchs 17f1NC ® 
na Nc? 15[] NC ce 
ue 2A [8 14D ” 
description SS Pe ok é 
ae eae A ee toe See 
The SN55109A, SN55110A, SN75109A, i ets ‘= 
SN75110A, and SN75112 have improved OMe ae ls OQ 
i @ 
£ 
—! 


logic symbolt logic diagram (positive logic) 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IED Publication 617-12. Pin numbers shown are for D, J, and N packages. 


Copyright © 1986, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 3 

— as of paves date. hg meso —— = Ti 43 

specifications per the terms of Texas Instruments 

page warranty. Production processing does not | EXAS 4-89 
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description (continued) 


These drivers feature independent channels with common voltage supply and ground terminals. The 
significant difference between the three drivers is in the output current specification. The driver circuits 
feature a constant output current that is switched to either of two output terminals by the appropriate 
logic levels at the input terminals. The output current can be switched off (inhibited) by low logic levels 
on the enable inputs. The output current is nominally 6 milliamperes for the ‘109A, 12 milliamperes for 
the ‘110A, and 27 milliamperes for the SN75112. 


The enable/inhibit feature is provided so the circuits can be used in party-line or data-bus applications. 
A strobe or inhibitor (enable D), common to both drivers, is included for increased driver-logic versatility. 
The output current in the inhibited mode, IOQ(off), is specified so that minimum line loading is induced when 
the driver is used in a party-line system with other drivers. The output impedance of the driver in the inhibited 
mode is very high—the output impedance of a transistor biased to cutoff. 


The driver outputs have a common-mode voltage range of —3 volts to 10 volts, allowing common-mode 
voltage on the line without affecting driver performance. . 


All inputs are diode clamped and are designed to satisfy TTL-system requirements. The inputs are tested 
at 2.0 volts for high-logic-level input conditions and 0.8 volt for low-logic-level input conditions. These 
test guarantee 400 millivolts of noise margin when interfaced with Series 54/74 TTL. 


The SN55109A and SN55110A are characterized for operation over the full military temperature range 
of —55°C to 125°C. The SN75109A, SN75110A, and SN75112 are characterized for operation from 
OPC ta 70°C, 


FUNCTION TABLE (EACH DRIVER) 


LOGIC ENABLE 
TPUTSt 
INPUTS INPUTS eae 


i. 
a 

@ 

0 
=e 
< 

@ 

= 

wn 

— 
ms) 
© 

© 

@. 
< Y z 
@ OFF OFF 
7) 


OFF OFF 
ON OFF 
ON OFF 

ON 


H = high level, L = low level, X = irrelevant 

T When using only one channel of the line drivers, the 
other channel should be inhibited and/or have its 
outputs grounded. 
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schematic (each driver) 


(3, 4) 


ENABLE C 
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TO OTHER 
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INPUT B 
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GND 
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TO OTHER DRIVER 


Pin numbers shown are for D, J, and N packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SN75112 UNIT 
SN55110A | SN75110A 
oe ee ye ee eh ee | 
(CRS sei NRO cs er crents i Re oe 
ae ee 
a 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 2) 


J package 1375 1025 1025 
N package Pry ee, ate | 
Operating free-air temperature range 


Storage temperature range —65 to 150 |—65 to 150 |-—65 to 150 
Case temperature for 60 seconds: FK package BES Ces 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 300 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


= NOTES: 1. Voltage values are with respect to network ground terminal. 
@ 2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table. In the J package, SN55109A and SN55110A 
wo) chips are alloy mounted, and SN75109A and SN75110A chips are glass mounted. 
oe 
= DISSIPATION DERATING TABLE 
: | momar | camma_| ‘racton || 
VU RATING FACTOR Ta 
° | D 950 mW | 7.6 mW/°C 
O FK 1375 mW | 11.0 mw/°C 
< J (Alloy-mounted chip) 1375 mW | 11.0 mW/°C 
® J (Glass-mounted chip) 1025 mW 8.2 mW/°C 
- N 1150 mW 9.2 mW/°C 
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recommended operating conditions (see Note 3) 


Supply Vol Vv : 
u oltage [Taz orc | 
pply g CC + Ta < O0°C 


Supply voltage Vcc — 


SN75109A, 
SN75110A 
SN75112 


SN55109A,- 
SN55110A 


Negative common-mode output voltage 


0 
Low-level input voltage, Vj, er RS. 


Operating free-air temperature, Ta 


NOTE 3: When using only one channel of the line drivers, the other channel! should be inhibited and/or have its outputs grounded. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN55109A, SN55110A 
$N75112 
PARAMETER SN75109A SN75110A 


UNIT 
MIN TypPt MIN TypPt MIN TYP MAX 
ViK Input clamp voltage Voc+ = MIN, I = -12 mA 
5 6.5 8 


TEST CONDITIONST 


<| 


IO(on) On-state output current Wo aM ne ORY 3 
+ * 4 = 


lO(off) Off-state output current Vec+ = MIN, Vo = 10V 


: 
w 
ro) 
3 
> 


MAX MAX 
15 
BES BREA SS ie REC REY She  S 
Input current at maximum | A, B, or C inputs 1 iar Oe: 
Vcoc+ = MAX, V; = 5.5 V 
=3 
En Neuen Ee 
30 35 
-30 —50 


~ 
N 
<= 
> 


¥ 
cS 


CLLGZNS VOLIGZNS ‘V601LSZNS 


VOLISSNS ‘V601SSNS 


I 
A, B, or C inputs 
L . 


12 
12 
A, B, or C inputs 
y Low-level input current : Vec+ = MAX, V; = 0.4V 
u current from wit river enable 
schist eal Abid A and B inputs at 0.4 V, 
21 


| 
w 
is 
> 


6 2 
6 2 
8 2 


ICC—(on) Supply current from Vcc — with driver enabled C and D inputs at 2 V | 
ICC +(off) Supply current from Voc + with driver inhibited Voc+ = MAX, Bs eS Saas 
Supply current from Vcc — with driver inhibited A, B, C, and D inputs at 0.4 V a AFR SE PE Bt 


tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
¥All typical values are at Vcec+ = 5V.Vec- = -5V. Ta = 25°C. 
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switching characteristics, VCC + = 5V, Vcc— = -5V, Ta = 25°C 


FROM TO 
PARAMETER? TEST CONDITIONS MIN TYP MAX | UNIT 
(INPUT) (OUTPUT) 


t Bea ES 
ae i ete es ae. 
tPHL Hepes emse EL ae 
eR a 625 | ns 
PLH CorD YorZ See Figure 1 
| tPHL | Bee ee oe 


Ttpty = Propagation delay time, low-to-high-level output. 
tpH_ = Propagation delay time, high-to-low-level output. 


PARAMETER MEASUREMENT INFORMATION 


Vcc+ Vcec-— 


OUTPUT 
nf 

40 pF 

= (See Note B) 


__ OUTPUT 
CL v4 
.T 40 pF 

~ (See Note B) 


ENABLE 
CORD 


-|------- OV 


OUTPUT 


~ rm tpHL ~ “- tpiH ~ m- tPHL 
! 
| 
| 
! 
! 
! 
! 


OUTPUT 
Z 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zoyt = 500, tr = te = 10 +5 ns, tw, = 500 ns, PRR < 1 MHz, 
tw2 = 1s, PRR < 500 kHz. 
B. Cy includes probe and jig capacitance. 
C. For simplicity, only one channel and the enable connections are shown. 


FIGURE 1. PROPAGATION DELAY TIMES 
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1O(on)—On-State Output Current—mA 
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TYPICAL CHARACTERISTICS 


ON-STATE OUTPUT CURRENT 
vs 
NEGATIVE SUPPLY VOLTAGE 


SN55109A, SN75109A SN55110A, SN75110A 


10(on)—On-State Output CUrrent—mA 


—3 —4 —5 —6 —7 
Vcc——Negative Supply Voltage—V Vcc——Negative Supply Voltage—V 
FIGURE 2 FIGURE 3 
SN75112 


10(on)—On-State Output Current—mA 


Vcc——Negative Supply Voltage—V 
FIGURE4 | 
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TYPICAL APPLICATION DATA 


special pulse-control circuit 


Figure 5 shows a circuit that may be used as a pulse generator output or in many other testing applications. 


INPUT | OUTPUTS 
nea Maen’, 


‘4 Z 
OFF ON 
ON OFF 


INPUT 
B ba 
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1/2 ‘109A, 
110A, Voce 


| | or SN75112 
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TO OTHER _5V OUTPUT 
LOGIC AND 
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INPUT PULSE | | 
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2 3 4 5 6 
OUTPUT PULSE Ft ine ZERO 
| | | | VOLTS 


FIGURE 5. PULSE CONTROL CIRCUIT 
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QUADRUPLE LINE DRIVER WITH COMMON ENABLE 


D3000, FEBRUARY 1986 


Similar to a Dual Version of SN75109A Line D, J, OR N 


Driver DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


@ Improved Stability Over Supply Voltage and 
Temperature Ranges 


Constant-Current Outputs 
High Output Impedance 


High Common-Mode Output Voltage Range 
(-—3 V to 10 V) 


@ Glitch-Free Power-Up/Power-Down 
Operation 


TTL Input Compatibility FUNCTION TABLE 


LOGIC ENABLE 
H H 
‘a H 
L L 


L = low logic level 


OUTPUT 
CURRENT 
v4 Y 


Common Enable Circuit 


description 


The SN75111 features four line drivers with a 
common enable input. When the enable input is 
high, a constant output current is switched 
between each pair of output terminals in 
response to the logic level at that channel's 
input. When the enable is low, all channel 
outputs are nonconductive (transistors biased to 
cutoff). This minimizes loading in party-line 
systems where a large number of drivers share 
the same line. 


H = high logic level 


logic symbolt 


ENABLE 


The driver outputs have a common-mode voltage 
range of — 3 volts to 10 volts, allowing common- 
mode voltages on the line without affecting 
driver performance. 


1A 


2A 
All inputs are diode clamped and are designed 


to satisfy TTL-system requirements. The inputs 
are tested at 2 volts for high-logic-level input 
conditions and 0.8 volt for low-logic-level input 
conditions. These tests guarantee 400 millivolts 
of noise margin when interfaced with Series 


54/74 TTL. t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


3A 


AA 


The SN75111 is characterized for operation from 
G°C to. 70°C. 


PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated 
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logic diagram (positive logic) 
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SN75111 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


aunty VOUne Ver 5 TSO mesee bes. 5 5,2 ee ae poo oe en ee chine ee ae ER ee ITN 
SoCROE eye MMIC NON Wet ca SECRET ASAS! cic th oe SOR d es an 8 CK ew ks Des eS -7V 
OUT MON ee LBP INDUU) . 25: cies ss dle Se kw weep Se es DE ys oy go, veeheeae 5.5:°¥ 
§luitnut voweds renee teny Outen . So 5 5 ee as Se ae -5Vto12 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

DRC Ses hace ok 5 creche ESF he Se eES ee Sa aE e eee a IE LEE eS 950 mW 

Bs eee Per a ys aes tn SRT OP ae Om en es Ne Re a ee EMS rit ine 1025 mW 

PERRI cag occ hag oe ha eR eas Se ee 1150 mW 
Operating free-air temperature range .............. 2. cee eee eee eee eee ee eee O°C to 7056 
ee Bs er eo ae Sere ena aera eee a ae re Erm. gyn eee oe -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package .......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300 °C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, derate 
the J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 
mW/°C. In the J package the SN75111 is glass mounted. 


recommended operating conditions 


ee ee ee See SS 
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NOTE 3: All unused outputs must be grounded. 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5.25 V, 
Vcc— = —5.25 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
ViK Input clamp voltage ; } = —12 mA -0.9 -1.5 


Veer = 5.25, Vog- = ~825V 
ater > SORA Ean aA Poppe ions aN. vee ee aCe 


lo(off) Off-state output current Vec+ = 4.75 V, Vec-— = -4.75V 


eae ee Vi = 2.4 V Sea sers 
-level input curren 
peers iss Vi = 5.25 V Ee 
Ne Low-leve! input current Vi = 0.4 V Sees 


Enable at 2 V 28 40 
Icc + Supply current from Vcc + A inputs at 0.4 V Enatie 1.0.4 V oe 40 
Enable at 2 V — 43 —55 
icc Supply current from Voc — A inputs at 0.4 V Enable at 0.4 V ” 


T All typical values are at Vcc + = 5 V, Voc— = -5 V, and Ta = 25°C. 
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SN75111 
QUADRUPLE LINE DRIVER WITH COMMON ENABLE 


switching characteristics, Vcc + = 5V, Vcc— = —-5 V, RL = 500, CL = 40 pF, Ta = 25°C 


F TEST 
PARAMETER Si re “ MIN TYP MAX | UNIT 
(INPUT) | (OUTPUT) | CONDITIONS 


tPLH_ Propagation delay time, low-to-high-level output ew AS Os AGL ns 


tPHL Propagation delay time, high-to-low-level output__| A | Yor2 |... 
igur 

tpLH Propagation delay time, low-to-high-level output | Enable | YorZ | 2 14 25 

tpH_ Propagation delay time, high-to-low-level output | Enable | YorZ | 15 25 


PARAMETER MEASUREMENT INFORMATION 
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l 
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VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zg = 500, t, = te = 10 +5 ns, tw, = 200 ns, PRR < 1 MHz, 
tw2 = 1 us, PRR < 500 kHz. 
B. C, includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES 
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Choice of Open-Collector, Open-Emitter, or 
3-State Outputs 


@® High-lmpedance Output State for Party-Line 
Applications 


@ Single-Ended or Differential AND/NAND 
Outputs 


Single 5-V Supply 

Dual Channel Operation 

Compatible with TTL 

Short-Circuit Protection 

High-Current Outputs 

Common and Individual Output Controls 
Clamp Diodes at Inputs and Outputs 


Easily Adaptable to SN55114 and SN75114 
Applications 


@ Designed for Use with SN55115 and 
SN75115 


description 


The SN55113 and SN75113 dual differential line 
drivers with three-state outputs are designed to 
provide all the features of the SN55114 and 
SN751714 line drivers with the added feature of 
driver output controls. Individual controls are 
provided for each output pair, as well as a 
common control for both output pairs. If any 
output is low, the associated output is in a high- 
impedance state and the output can neither drive 
nor load the bus. This permits many devices to 
be connected together on the same transmission 
line for party-line applications. 


The output stages are similar to TTL totem-pole 
outputs, but with the sink outputs, YS and ZS, 
and the corresponding active pull-up terminals, 
YP and ZP, available on adjacent package pins. 


The SN55113 is characterized for operation over 
the full military temperature range of —55°C to 
125°C. The SN75113 is characterized for 
operation over the temperature range of O°C to 
70°C, 


SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


D1315, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


SN55113 .. . J PACKAGE 
SN75113...D, J, OR N PACKAGE 


(TOP VIEW) 


SN55113 .. . FK PACKAGE 
(TOP VIEW) 
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FUNCTION TABLE 


high level, L = low level, X = irrelevant, 

high impedance (off) 

B input and 4th line of function table are applicable only 
to driver number 1. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard pereeaty. Production processing does not 
necessarily include testing of all parameters. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


logic symbolt | logic diagram (positive logic) 


1YP 
1YS 
1YP 1ZP 
1YS 1ZS 
1ZP 
1ZS 
2YP 
2YP 
2YS 2YS 
2ZP 
i 22S 2zP 
co 
@ TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 2ZS 
iw) IEC Publication 617-12. 
> & Pin numbers shown are for D, J, and N packages. 
< 
@ : 
a schematic 
— 
PS) INPUT 1B INPUT 1A 
@ (6) (5) 
e te) YC 
< 
@ 
= 
~” 
NAND 
(1) PULL-UP 
1ZP 
fo NAND 
(2) SINK 
OUTPUT 
1ZS 


OUTPUT 


CONTROL 
1c : 


V. .» Vcc bus 


tThese components common to both drivers. 
Resistor values shown are nominal and in ohms. 
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INPUT 2A 


NAND PULL-UP 22P 
ne) D NAND OUTPUT 22S 
8) 
: GND 


COMMON OUTPUT (9) 
y, CONTROL CC aS oe 
output controt 2c 112 uns aay AND PULL-UP 2YP 
(11) AND OUTPUT 2YS 
BA : (15) 
qt (14) 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


RRS GET NRPAS LET SNE ERIE SIE IN AE SEE IIE SAA NTE SSS TS RI AL a8 PE ONE NC IE Ss RSE ELE EINT ES BEES BONEN ES ED ALES AAT TAG TBE LD ERT ETDS TIE EE EE EID 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SAUL NTU IAN 0) i ge acs wae eg ticue Gese baa Oo Pe ee on eS ee 7¥ 
PSE SE Re CEN eas a gs co ee ng dep keg: nh AREAL oid Fk DEE LY Eek ee ne 5.5°¥ 
Off-state voltage applied to open-collector outputs ............ 20... ee eee 12 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
Ro RU a eo cee ac aie gl a ee ae ie EM Sav eee ATE, sree ee a aE ee 950 mW 
Pid Gs MERE aa Gai foe fe ae fo ie ae ys gt nad ne ete BS ee 1000 mW 
NE ACG ad es oe es od die eh eels Wik sg eee Ey SIRE ER Beds 1150 mW 
Operating free-air temperature range: SN55113................. 20-022 ae — 55°C to 125°C 
SUE R OS BSR SS ae eee aes REE Sih 0°C to 70°C 
SIOMce Temperatura-tanda=: 62 5s ee ee ees Velen tek oS eee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260°C 
Case temperature for GO seconds: FK package:: =)... o/b i i ee ee et mae ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 


NOTES:1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, see Dissipation Derating Curves in Appendix A. In the J and FK packages, SN55113 


chips are alloy mounted; SN75113 chips are glass mounted. In the N package, use the 9.2-mW/°C curve for these devices. _ 


recommended operating conditions 


aaa wees Vi 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONSt 
MIN TYP? MAX 


Vik Input clamp voltage Vcc = MIN, ) = -—12 mA 


V = MIN, V — ZN | = —10 mA 2.4 
VOH High-level output voltage CC 1H OH 
VOL 


$N75113 


UNIT 
MIN TYP? MAX 


Nh 
> 


Le] 
Ww] Ww 
O| 


wo 
Py 
| + | 
co} 
Nh O1oO 
| 
., N No = “4 
Nw P= MO ro) O° 


nN 
a 
oO 


Vcc = MIN, Vip = 2V, 
Low-level output voltage O23 0.4 
Vit = 0.8 V, lo = 40 mA 


VoK Output clamp voltage Vec = MAX, lo = —-40mA 


VoOH = 12V 
Voc = MAX 


oO 
N 
Ww 
oO 
iS 
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| 
mak 
e 

| 
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ao 


Off-state open-collector 


| 
Mort output current 


Ta = 
Ta = 125°C 200 
Ta = 


PR So IS 
er Ta = 70°C 


Ta = 25°C, Vo = Oto Vcc +10 


NO 
oOo 


+10 


Off-state Vec = MAX, 


2) 
o 
oo 
o1 


Vo = 
loz (high-impedance-state) Output controls ; MAX Vo = 0.4V + +20 pA 

rm. output current at 0.8 V . Vo = 2.4V = +20 
* Vo" = Vcc 

Input current 
U at maximum 
= ; Le & 
< input voltage ; 
@ , 

High-level A; BC 40 
? he a LAB C | Vcc = MAX, Vv) = 2.4V 1 
~~ input current 
a L 

ow-level A,B,C 

input. current : 
©. Short-circuit 
< los Vcc = MAX, Vo = O, Ta = 25°C -40 -90 -120 | -40 -90 —-120 mA 
@ output current 
PP; ’ Supply current All inputs at O V, No load, Vec = MAX 47 65 47 65 ‘ 

m 
ae (both drivers) Fa = 25°C Vec = 7V 65 85 


Tall parameters with the exception of off-state open-collector output current are measured with the active pull-up connected to the sink output. 
¥All typical values are at Ta = 25°C and Vcc = 5 V, with the exception of Icc¢ at 7 V. 
8Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, CL = 30 pF, Ta = 25°C 


PARAMETER TEST CONDITIONS UNIT 
MIN a Bis MAX MIN TYP MAX 
mf 


— 
Ww 
Ww 
fo) 


p 
tPLH Propagation delay time, low-to-high-level output 13 20 
; - See Figure 1 
tPpHL Propagation delay time, high-to-low-level output 12 20 
tpzH Output enable time to high level Ri = 180 Q, See Figure 2 
tpzL Output enable time to low level R_ = 250 Q, See Figure 3 14 30 
i 10 20 
17 35 


— 
N 
Ww 
oO 
A 
“a 


fe) 


—_— i —-)} —_2 

N] OO] 
w N 
oO 


tpHz Output disable time from high level Ri = 180 Q, See Figure 2 Se i 
tpLz Output disable time from low level Ry = 250 Q, See Figure 3 eee i Ses 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


Cy. = 30 pF 
PUCSE fo (See Note B) 
GENERATOR = 


(See Note A) 


NAND 
OUTPUT 
C. = 30 pF 
he (See Note B) 


SE gs 


TEST CIRCUIT 
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FIGURE 1. tpLH and tpHL 


NOTES: A. The pulse generator has the following characteristics: Zoyz = 50 2, PRR < 500 kHz, tw = 100 ns. 
B. Cy includes probe and jig capacitance. 
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SN55113, $N75113 
DUAL DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


GENERATOR 


(See Note A) ec 
LN ae | AND 


OUTPUT 
C. = 30 pF 


in hee i Lae | LT (see note 8) 
® S A : = 
e NAND 
| iP =z OUTPUT 


C. = 30 pF 
1k2 L——_————4 “Tr (See Note B) 


5V 
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@ <5 ns ee = 
CO 

=. 
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3 INPUT 
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— 
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QO 
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< OUTPUT 
© 

= 
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WAVEFORMS 


FIGURE 2. tpZH and tpyHz 


NOTES: A. The pulse generator has the following characteristics: Zou, = 502, PRR < 500 kHz, ty = 100 ns. 
B. Cy includes probe and jig capacitance. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
GENERATOR ae 
(See Note A) as 
ie = , ce 250 2 
] Cy = 30 pF 


cc y | a Hey (See Note B) ; Es 
A a NAND« OUTPUT 
z INP | OUTPUT 
= | i > € 
| 


Cy = 30 pF 


| 

| 

hts she naa “T> (See Note 8) | 
- J 
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TEST CIRCUIT 
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OUTPUT 


WAVEFORMS 


FIGURE 3. tpz, and tpiLz 


NOTES: A. The pulse generator has the following characteristics: Zoy; = 50 2, PRR < 500 kHz, ty = 100 ns. 
B. C, includes probe and jig capacitance. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSt 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
DATA INPUT VOLTAGE DATA INPUT VOLTAGE 
6 
5 
> > 
| 4 2 
£ 5 
. 3 
ol ~ 
8 8 
fs} 6 
b? : 
i > > 
| 
rs 1 
9 
< 0 ° ‘ 
@ 1 2 3 4 
na V;—Data Input Voltage—V V;—Data Input Voltage—V 
a FIGURE 4 FIGURE 5 
= 
< OUTPUT VOLTAGE OUTPUT VOLTAGE 
@ vs vs 
” OUTPUT CONTROL VOLTAGE OUTPUT CONTROL VOLTAGE 
Load = 500 {2 to ground Vcc =5V 
Ta =25C Load = 500 {2 to ground 
> > 
i! APT ooe Vcc = 5.5 V cL 4 
© = 
ba ees Vcc =4.5V > 
3 S 
3 3 
? 7 
$ S 
Vi—Input Voltage (Output Control)—V V;—Input Voltage (Output Control)—V 
FIGURE 6 FIGURE 7 
T Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICST 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
OUTPUT CONTROL VOLTAGE OUTPUT CONTROL VOLTAGE 


Load = 500 22 to Vcc Load = 500 2 to Vcc 


Vo—Output Voltage—V 


re C 


Vo—Output Voltage—V 


Ta = 125°C 


Line Drivers/Receivers 


V}—Input Voltage (Output Control)—V Vj—Input Voltage succes Ml sade 
FIGURE 8 FIGURE 9 
OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 

4.0 

3.6 

a Me 
7 28 * 
o 3 
= 2.4 — = 
S$ VoH(IOH = —40 mA) ie As. 
AOL) 0 lineata ne eee 
rd ais Mem he ey 
eo Ua Br oo 
cE eT SEs eee 5 

Ge i wales 

0.4 Vortlo. = 40 mA —— 

PR saris! cma cae 
—~75 -50 -25 0 25 50 75 100 125 0 ee ie a ee ee 
Ta—Free-Air Temperature— C ioH—Output Current—mA 
FIGURE 10 FIGURE 11 


T Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT 


LOW-LEVEL OUTPUT VOLTAGE (BOTH DRIVERS) 
vs 


SUPPLY VOLTAGE 
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7 E 
o | 
S 5 
© 
5 > 
a 
6 $ 
:. s 
© 
e 3 S 
a 
© 
\s) 
ane 
= 0 20 40 60 80 100 120 Mewes Soe San ee ee See oe 
ry lo —Output Current—mA Vcc—Supply Voltage—V 
> FIGURE 12 FIGURE 13 
'?) 
©. SUPPLY CURRENT : SUPPLY CURRENT 
S (BOTH DRIVERS) (BOTH DRIVERS) 
PP; vs vs 
’ FREE-AIR TEMPERATURE FREQUENCY 
100 
Vcc =5V Vcc =5V 
Inputs grounded RL = 
No load Cy. = 30 pF 
80 
< e Inputs: 3-volt square wave 1 ail 
£ ° 
l : V, ‘ 
= ws 
ee Hh At 
3 — 
; ee | 
Bs > 
: = of 
: | 
: Set 
oe 
26 oL LLU | LTE LE 
-—75 -50 -25 0 a3" 6) 78.200" 125 0.1 0.4 1 4 10 40 100 
Ta—Free-Air Temperature— C f—Frequency—MHz 
FIGURE 14 FIGURE 15 
t Data for temperature below 0°C and above 70°CC and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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SN55113, SN75113 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSTt 


PROPAGATION DELAY TIMES 


FROM DATA INPUTS OUTPUT ENABLE AND DISABLE TIMES” 
vs Vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Vcc =5V 
See Figures 2 and 3 


Output Enable and Disable Times—ns 


Propagation Delay Times from Data Inputs—ns 


Re 
Pee 
eae 
aS 
ieee 
es 
core 
Bud 


0 0 
—75 -50 -25 0 2 50. 75 100 125 —75 -50 -25 0O 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature— C 
FIGURE 16 FIGURE 17 


T Data for temperature below 0°C and above 70°CC and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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TYPICAL APPLICATION DATA 


LOCATION 3 LOCATION 5 
v >. ' we 
1 
! Ry? = 
D ° i 
LOCATION 1 e-— _-_—3 pS eee -_—+ LOCATION 6 
i 4 
Bosom >. ie mae = b. 
| ae en eam Ge «can Gap a= an @eenRPe Gee aa 4a == 
LOCATION 2 TWISTED LOCATION 4 
PAIR 


ne = SN75113 DRIVER 
t— SN75115 RECEIVER 


TR =Zo. A capacitor may be connected in series with RT to reduce power dissipation. 


FIGURE 18. BASIC PARTY-LINE OR DATA-BUS DIFFERENTIAL DATA TRANSMISSION 
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SN55114. . . J PACKAGE 
SN75114...D, J, OR N PACKAGE 


(TOP VIEW) 


Choice of Open-Collector, Open-Emitter, or 
Totem-Pole Outputs 


® Single-Ended or Differential AND/NAND 
Outputs 


Single 5-V Supply 
Dual Channel Operation 
TTL-Compatible 


Short-Circuit Protection 


High-Current Outputs 
SN55114... FK PACKAGE 


Triple Inputs (TOP VIEW) 


Clamp Diodes at Inputs and Outputs 


Designed for Use with SN55115 and 
SN75115 Differential Line Receivers 
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18 {| 2ZS 


@® Designed to be Interchangeable with 


ies ‘ : 1YP{] 5 17[] 2YS 
Fairchild 9614 Line Driver che Me 

description 1A{j 7 15[] 2YP 
1B})8 14{}2C 


The SN55114 and SN751 14 dual differential line 


9 10 111213 
drivers are designed to provide differential output rer 
signals with the high-current capability for = 3 os a N 
driving balanced lines, such as twisted pair, at e 
normal line impedances without high power NC—No internal connection 
dissipation. The output stages are similar to TTL 
totem-pole outputs, but with the sink outputs, FUNCTION TABLE 


YS and ZS, and the corresponding active pull- 
up terminals, YP and ZP, available on adjacent 
package pins. Since the output stages provide 
TTL-compatible output levels, these devices may 
also be used as TTL expanders or phase splitters. 


H H H H I 
ALL OTHER INPUT COMBINATIONS 


The SN551 14 is characterized for operation over H = high level, L_= low level 
the full military temperature range of — 55°C to ee 9 < 
125°C. The SN75114 is characterized for logic diagram (positive logic) 


operation from O°C to 70°C. 


1YP 
ia to) 
logic symbolT 1¥5 
1B 
1YP 
(5) 1zP 
1A 1¥S 1c me 
1B 1ZP 
1¢ 12S 
2YP 
2YP 2YS 
2A 2Ys 
2B 


2ZP 
2ZS 


2ZP 
2C 


22S 


TThis symbol is in accordance with ANSI/!EEE Std 91-1984 and 


IEC Publication 617-12. Pin numbers shown are for D, J, and N packages. 

PRODUCTION DATA documents contain information 2 Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to : 

specifications per the terms of Texas Instruments TEXAS 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 


schematic (each driver) 


TO 
OTHER 
INPUTS DRIVER 
are rebar 
BA 
(7,12) © 8 Ag gy (16) 
- e 
= if Pay : 
PULL-UP(4, 12) (1, 15) NAND PULL-UP 
yP zp 
ano (3, 13) & (2, 14) NAND 
SINK OUTPUT SINK OUTPUT 


GND 


Pin numbers shown are for D, J, and N packages 


TThese components are common to both drivers. 


Resistor values shown are nominal and in ohms. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


| SN55114 | SN75114 | UNIT 
Supply voltage, Vcc (see Note 1) 


Input voltage Ra ee a ee 
Off-state voltage applied to open-collector outputs RRR ROSE Ree SS 
Sl RSA ST a 
PRiatage Te ee eee ee 
mW 
Sr BREE ore Se 
aage ees er eee i 
[Storage temperature range 0 to 180 | “OS w THT 
Case temperature for 60 seconds: FK package RS SRS GaSe Be a 
Cead vemnperetore 1.8 mm (1716 inch from cese for 60 seconds! J package | 300] 
Pag imepecey LE anid Ga noiaae ae WD asomia DAM pee eS | met o 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the FK and J packages, 
SN55114 chips are alloy mounted. In the J package, SN75114 chips are glass mounted. 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 2) 


recommended operating conditions 


[__sNes114___—*«|~~'SN75114_—_ 

[MIN NOM_ MAX | sa 
Pamamivink a 0. I a ee et 
Piwinwee, Mii oe i Oe Oe 
Hightevel output cunent,l0M_=~=~=“‘CC;™;#O#~*‘;‘“(”SNCNNSNCNUO#O#~‘“‘S SNWNWSCONCNCCS4O[_s~=“‘é@A#OY mA 
una mramm tg ©. a mA 
[ Operating free-air temperature, Ta_—=~=~“‘CS™!#‘“C’NNNW”C#”#é‘“#‘“CTOBSC“‘O#N’NNOO~~*~“‘OYLCe 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


| __SN55114 | _~—_—sSN75114_ ss 

PARAMETER TEST CONDITIONS? persis UNIT 
MIN TYP? MAX | MIN TYP? MAX 

Vik Input clamp voltage Vcc = MIN, I) =-12 mA =05;> =1.6 i Oo" = 1.5 1 oe 


Vec = MIN, Vin = 2YV, {I = -10mA] 2.4 3.4 3.4 
VoH_ High-level output voltage ce ml Or a 
Vit = 0.8 V, ioH = = 40mA 23.0 
Unc high iniekeiane Mokanabe ee 0.4 0.2 0.4 
w-level output voltage : , ; 
Ol. P 3°) Vi = 0.8 V, Io, = 40 mA 
Veg = 5V, 19 =40mA, Ta=25c | 61 68] 
VoK Output clamp voltage £C a S - 
Voc = MAX, lo = -40mA, Ta = 25°C | 1.1 18) 
lage 26°C, | PY 100] 
VOH = 12 V 
Ta = 125°C 
Vcc = MAX 
output current 


A = 
Input current at 
Vcoc = MAX, V; = 5.5 V 
maximum input voltage 


| 
lH High-level input current | Vcc = MAX, Vj = 2.4 V 
IL 


oO 
Ls) 


N 
is 
| 
! 
o aah 
oO oa o 


— 
— 


Off-state open-collector 
lOloff) 


200 


| 
oo 
ron) me 


| 
| Low-level input current Vcc = MAX, Vj = 0.4 V ne Se Fe, 


Vee = MAX, Vo = 0, Ta = 25°C |-40 -90 -120]-40 -90 -120| m 
output current 

All inputs at 0 V, No load, 37 37 
(both drivers) Ta = 25°C 47 65 


47 
T All parameters with the exception of off-state open-collector output current are measured with the‘active pullup connected to the sink 
output. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Ta = 25°C and Vcc = 5 V, with the exception of Icc¢ at 7 V. 
8 Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


> 


oa 
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< 
O 
x 
oO 
Nh 
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=) 
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i 
a 
oO] a 
° ° 
a1o0 
= = 
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switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS BS ee pat Ln U 
MIN TYP MAX | MIN TYP MAX 


tpLH Propagation delay time, low-to-high-level output Ci = 30 pF, 15 20 
1 


tpH_ Propagation delay time, high-to-low-level output See Figure 1 1 20 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT Vcc 


Y 
AND OUTPUT 
Cy, = 30 pF 
T isee Note B) 


PULSE 
GENERATOR 
(See Note A) z 

NAND OUTPUT 
C. = 30 pF 


OUTPUT 


OUTPUT | 


| 

tpH_—-+¢——9! pe Se VOL 
po TEST CIRCUIT VOLTAGE WAVEFORMS 
rl NOTES: A. The pulse generator has the following characteristics: Zoyz = 500 2, PRR < 500 kHz, tw = 100 ns. 
oO B. Cy includes probe and jig capacitance. 
= FIGURE 1. PROPAGATION DELAY TIMES 
© 
r; 
oe TYPICAL CHARACTERISTICST 
S OUTPUT VOLTAGE OUTPUT VOLTAGE 
©. vs vs 
= DATA INPUT VOLTAGE DATA INPUT VOLTAGE 
=| 
” 6 6 


No load 
Ta = 28°C 
EERREe=S 
ocHE a PA eeer | 
ie gia 1 2 3 4 Bare Be : 2 3 4 


V,—Data Input Voltage—V V;—Data Input Voltage—V 
FIGURE 2 FIGURE 3 


t Data for temperatures below O°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55114 
circuits only. These parameters were measured with the active pullup connected to the sink output. 


Ta = —55°C 


Vo—Output Voltage—V 
w 
Vo—Output Voltage—V 
Ww 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICST 


HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
OUTPUT CURRENT OUTPUT CURRENT 


VoH—Output Voltage—V 
VoL—Output Voltage—V 


2] 
oe 
® 

2 
© 
0 0 10 20 30 40 50 60 70 80 ® 
,0 —20 -40 -60 -80 -100 -120 om 
1o_—Output Current—mA —~ 
1oH—Output Current—mA ” 
FIGURE 4 FIGURE 5 $ 
bee 
OUTPUT VOLTAGE PROPAGATION DELAY TIMES i 
vs vs S 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE mK 
4.0 
3.6 
Ba ps 
| 
7 28 3 
& E 
= rt 
K 2.4 5 
- 2.0 ra 
a c 
2 1.6 2 
ee : 
st : 
0.8 
0.4 VoLilon = 40 mA};—_,—__,—_> 
iy tes ets cates HR sa! RR NES 0 
—-75 —50 -25 0. 2 S50 75 100 126 —75-50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— C Ta—Free-Air Temperature—"C 
FIGURE 6 FIGURE 7 


T Data for temperatures below 0°C and above 70°C are applicable to SN55114 circuits only. These parameters were measured with the 
active pullup connected to the sink output. 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT SUPPLY CURRENT 
(BOTH DRIVERS) (BOTH DRIVERS) 

vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


< 

5 : 

| | 

~ ~ 

fs} 3 

> Psy 

3 a 

: : 

; j 

© 

e °& 8 
S 
@ 
9) 
ans 
< 30 
© 0 1 2 3 & 5 6 7 8 -—75 -50 -25 0O 25 50 75 100 125 
= 
a Vcc—Supply Voltage—V Ta—Free-Air Temperature— C 
mS) 
ns FIGURE 8 FIGURE 9 
@ 
< SUPPLY CURRENT 
@ (BOTH DRIVERS) 
” vs 


FREQUENCY 


100 
Vcc =5V 


RL=° 

Ci = 30 pF 

Inputs: 3-volt square wave 
Ta = 25°C 


: oi 
CM CCI 

| 
asaiii e 


80 


lcc—Supply Current—mA 


Be aia 
FIGURE 10 


T Data for temperatures below 0°C and above 70°C are applicable to SN55114 circuits only. These parameters were measured with the 
active pullup connected to the sink output. 
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SN55114, SN75114 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICST 


1/2 SN75114 1/2 SN75115 
DRIVER RECEIVER 


Ri a) partite se, 


TWISTED 
PAIR 


TR = Zo. A capacitor may be connected in series with Rt to reduce power dissipation. 


FIGURE 11. BASIC PARTY-LINE OR DATA-BUS DIFFERENTIAL DATA TRANSMISSION 


Line Drivers/Receivers ES 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


secassetiy Inclodo testing of il parameters. INSTRUMENTS 


Choice of Open-Collector or Active Pull-Up 
(Totem-Pole) Outputs 


Single 5-V Supply 

Differential Line Operation 

Dual-Channel Operation 

TTL Compatible 

+15 V Common-Mode Input Voltage Range 


Optional-Use Built-In 130-0 Line-Terminating 
Resistor 


Individual Frequency Response Controls 
Individual Channel Strobes 


Designed for Use with SN55113, SN75113, 
SN55114, and SN75114 Drivers 


Designed to be Interchangeable with 
Fairchild 9615 Line Receivers 


description 


The SN55115 and SN75115 dual differential line 
receivers are designed to sense small differential 
signals in the presence of large common-mode 
noise. These devices give TTL-compatible output 
signals as a function of the differential input 
voltage. The open-collector output configuration 
permits the wire-ANDing of similar TTL 
outputs (such as SN5401/SN7401) or other 
SN55115/SN75115 line receivers. This permits 
a level of logic to be implemented without extra 
delay. The output stages are similar to TTL 
totem-pole outputs, but with sink outputs, 1YS 
and 2YS, and the corresponding active pull-up 
terminals, 1YP and 2YP, available on adjacent 
package pins. The frequency response and noise 
immunity may be provided by a single external 
capacitor. A strobe input is provided for each 
channel. With the strobe in the low level, the 
receiver is disabled and the outputs are forced 
to a high level. 


The SN55115 is characterized for operation over 
the full military range of —55°C to 125°C. The 
SN75115 is characterized for operation from 
0°C. to 70°C. 


TEXAS 4 


SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


SN55115.. . J DUAL-IN-LINE PACKAGE 


SN75115...D, J, OR N PACKAGE 
(TOP VIEW) 


SN55115.. . FK PACKAGE 
(TOP VIEW) 


awn Ow 
>>O O> 
-- Zon 
GP p WES, Cee yas gS 
5 ee” 


20 19 


18 |] 2YP 
1RTC [J 5 17 |] 2STRB 


NC {J6 16 [] NC 
1B [)7 15(] 2RTC 
1RT 8 14 |] 2B 


NC —No internal connection 


FUNCTION TABLE 


DIFF OUTPUT 
STROBE 
INPUT (YP AND YS TIED TOGETHER) 


L H 
H L 


= V; = Vip min or Vip more positive than VT} max 
L = V; s Vi_ max or Vip more negative than VT, max 
= irrelevant 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


logic symbolt logic diagram (positive logic) 


1B 1Y¥P (PULLUP) 


1A 
1RT 


1¥S (SINK) 


1STRB 
1RTC 


2YP (PULLUP) 
2YS (SINK) 


2B 


2A 
2RT 


2STRB 
2RTC 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


schematic (each receiver) 


RESPONSE- 
TIME 
Rr STROBE CONTROL 
(6,10) (3,13) (4,12) 


(16) 


ee | Cre? | eye 


e. 
S 
® 
s) 
a 
< 
© 
=| 
o 
— 
mS) 


SIOAIQDO 


20 
(2.14) PULL-UP 


INPUT (7.9) ae = 
5 k 
et eS 
INPUT (5,11) eee (i 
B > OUTPUT 
Ys 
150 

8) GND 


COMMON TO 
BOTH RECEIVERS 


Resistor values are nominal and in ohms. 


Pin numbers shown are for D, J, and N packages. 
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| — $N55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


[snssits | SN75175 


Supply voltage, Vcc (see Note 1) 
Input voltage at A, B, and Rt inputs 
Input voltage at strobe input Fee FESS ES ae 


U 
Off-state voltage applied to open-collector outputs Pes Soe c= ae 
D package 
m 


V 
V 
V 
V 
TERS Ee See 
Continuous total dissipation at (or below) 1375 PR a 
25°C free-air temperature (see Note 2) 
[Npackege | «dT «tO 
zs 
[Case temperature for 60 seconds: FK package ——SSSSSSCSC~—“‘C~dYCSCSC‘ |OSC*dTSCCSSCSC*dSC 
[Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds: J package ——=~=S~SC‘“‘(|ON™SC*SSC~SC 
i : cs 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package Spas eee PR 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the FK and J packages, 
SN55115 chips are alloy mounted and SN75115 chips are glass mounted. For these devices in the N package, use the 7.0-mW/°C 
curve. For the D package, use the 8.2 mW/°C curve. 


recommended operating conditions 


a 
[High-level (strobe) input voltage, Viw—SSSCSC‘“‘;C‘~;~idC CSCC” 
[Low-level (strobe) input voltage, Vu_———SSSSSSCSCSC~dCSC“C;C;*‘~‘C‘YLCC‘(C)*SC*~*~‘ CS 
Ream menigg 
So eee 
et: omens 


SN75115 
UNIT 


Low-level output current, Io. 


Operating free-air temperature, T 


7) i 
he 
® 
a 
® 
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® 
(e 
a 
Pr 
fo 
o 
rr 
Tees 
QO 
® 
= 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER 
ears Differential input y 0.4 1SimA y 0 
= . r = MA, = 
ba high-threshold voltage ss OL - 
ws Differential input y aay PRA + 0 
= . ; = = m a = 
; JE low-threshold voltage ° OH Ic 


Common-mode 


SN75115 
MIN TYP? MAX 


TEST CONDITIONS' 
MIN TYP MAX 


VICR Vip = +1V 


input voltage range 


2.2 
Ta = 25°C | 2.4 3.4 


Ta = MIN 


Vcc = MIN, Vip = -0.5 V, 
lIoH = -—5mA 


Nh 
- 
Ww 


VOH High-level output voltage 


Ta = MAX 2.4 


Vcc = MIN, Vip = 0.5 V, 


Vv Low-level output voltage 
Ob lol = 15 mA 


oO 
N 
N 
=) 
- 
ol 


Ta = MIN 
Ta = 25°C -0.5 —0.7 
Ta = MAX 


Vcc = MIN, Vip = —-90.5V, | Ta = 25°C 
ISH High-level strobe current 
Vstrobe = 4-5 V Ta = MAX 
Vcc = MAX, Vip = 0.5 V, 
Ist Low-level strobe current Ta = 25°C ~T15" = 24 “lis  =24 
Vstrobe = 0-4 V 


Response-time-control V = "MAX; © Vin = 0.5. V, 
p CG ID Ta = 25°C —3.4 A 


Vcc = MAX, V; = 0.4 V, 


Nit Low-level input current ; 
Other input at 5.5 V 


| 
ad 
NTN 
5 
> 


| 
‘id current Vac = 0 


Vec = MIN, Vow = 12 V, Ta = 25°C 
Vip = -4.5V Ta = MAX 
Vcc = MIN, Von = 5.25 V, | Ta = 25°C 


Off-state open-collector 


lOloff) 


output current 


Line-terminating “ 
Rt : Vec = 5V Ta = 25°C 
resistance 
Short-circuit Vv = MAX, Vo = 0, 
los \ ce o Ta = 26°C 
output current Vip = -0.5 V 
Supply current V = MAX, Vin = 0.5 V, 
lec sae = e Ta = 25°C 
(both receivers) Vic = 0 


tT Unless otherwise noted Vstrobe = 2-4 V. All parameters with the exception of off-state open-collector output current are measured with the active pull-up 
connected to the sink output. 

* All typical values are at Vcc = 5 V, Ta = 25°C, and Vic = O. 

8 Differential voltages are at the B input terminal with respect to the A input terminal. 

{ The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltages only. 

I Only one output should be shorted to ground at a time, and duration of the short-circuit should not exceed one second. 


| 
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N 
Ww 
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| 

9° 
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| | 
9} 9 
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w 
i) 
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switching characteristics, VCC = 5 V, CL = 30 pF, Ta = 25°C 


PARAMETER TEST CONDITIONS 11 UNIT 
MIN TYP MAX | MIN TYP MAX 
low-to-high-level output 
at corres Moai R= 390 Q, See Figure 1 20 ~=+50 20: = 75 bre | 
high-to-low-level output 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


OPEN 2.4 V 
< 5ns-—>i le >| le-< 5 ns 
bp ey +3 V 
Ri DIFFERENTIAL 90% 90% | 
GENERATOR 10% NL 10% 
(See Note A) Vo -3V 
CL = 30 pF —Pl i tPHL —pl fe tPLH 
V 
soe a ae, (See Note B) ! OH 
RESPONSE 
= OUTPUT 
TIME CONTROL =~ 1.5V 1.5V 
OPENS) SAMs as OF ENS See ec 8 ee) aaa aa Se VoL 
TEST CIRCUIT WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zo, = 509, PRR < 500 kHz, tw = 100 ns, duty cycle = 50%. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


Vcc = 5V 


Input not under test at 0 V 
4+Ta = 25°C 


” 
tho 
® 
= 
a: 
Oo 
® 
cc 
— 
Yn 
aoe 
® 
i 
Bare 
OQ 
® 
= 
| 


lj—Input Current—mA 
o 


-6 
~25~-20-15-10-5 0 5 10 15.20 25 


Vi—Input Voltage—V 
FIGURE 2 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICSt 


OUTPUT VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


VoL (Vip = 0.5 V, Io_ = 15 mA) 


-75 -50 -25 0 25 50 75 100 125 


Ta—Free-Air Temperature — °C 


FIGURE 3 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


pees ales 
peg: Sle Spots ome 


ssh 
-10 -20 — 30 -40 -50 
loH— High-Level Output Current—mA 
FIGURE 5 


Vo— Output Voltage—V 


Vo_—Low-Level Output Voltage—V 


OUTPUT VOLTAGE 
vs 
COMMON-MODE INPUT VOLTAGE 


No Load 
Ta = 25°C 
Pee Vec = 5.5V nae 


[Wee = 5 v]_| 
he [ [vec=25v | | 


6 


iP Vip = -1V 


Vip = 1V 


0 
-—-25-20-15-10-5 0 5 10 15 20 25 
Vic —Common-Mode Input Voltage —V 


FIGURE 4 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
OUTPUT CURRENT 


lo_—Low-Level Output Current—mA 
FIGURE 6 


t Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICSTt 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 


Vcc = 5V 
Load = 2k? to Vcc 


e 


Ta = -55°C 


Ta = 25°C mall 


Vo—Output Voltage—V 
Vo—Output Voltage—V 


Ta = 25°C 


Load = 2k2 to Vcc | 
0 


-0.2 -0.1 


” 
hn 
® 
2 
® 
a) 
® 
c 
— 
HD 
a 
® 
os 
= 
OQ 
® 
A 
at 


-0.2 -0.1 0 0.1 0.2 0.1 0.2 | 
Vip —Differential Input Voltage—V Vip — Differential Input Voltage —V 
FIGURE 7 FIGURE 8 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
STROBE INPUT VOLTAGE ~ STROBE INPUT VOLTAGE 


No Load 


Vo— Output Voltage—V 
Vo— Output Voltage—V 


Vstrobe— Strobe Input Voltage —V Vstrobe — Strobe Input Voltage —V 


FIGURE 9 en FIGURE 10 


T Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75 V and above 5.25 V are applicable to SN55115 
circuits only. These parameters were measured with the active pull up connected to the sink output. 
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SN55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICST 


SUPPLY CURRENT 
(BOTH RECEIVERS) 
vs 
SUPPLY VOLTAGE 


No Load 


SUPPLY CURRENT 
(BOTH RECEIVERS) 
vs 
FREE-AIR TEMPERATURE 


< < 
3 B INPUT AT Vcc E 
PS A INPUT AT 0 V d 
E ; 
3 8 
> 
= > 
- a 
5 a 
7 dD 
| 
- o S) 
oe © 
2 9 
@ 
Oo 
<4 
< 
g EE kt Rett J. See ae, Sactee SA -75 -50-25 0 25 50 75 100 125 
” 
= Vcc—Supply Voltage—V Ta—Free-Air Temperature — °C 
r FIGURE 11 FIGURE 12 
@, 
. PROPAGATION DELAY TIMES MAXIMUM OPERATING FREQUENCY 
a vs vs 
FREE-AIR TEMPERATURE RESPONSE-TIME-CONTROL CAPACITANCE 
30 10M 
N 
T 
> 
25 © 
ps . IM 
‘ = a ‘i nes iis 
2 20 £ HSH aotttt 
= 2 100k ke Se 
> = I 
3 S 
§ tPLH (RL = 3.9 kQ) = 10k b= 
- | aes HH H+ th Sth 
2 on & rasas 
a x 
2 oS ey Saiiliemeaiii vata 
5 | 
) “400 
-75|-50 -25 0 25 50 75 100 125 0.001 0.01 0.1 1 10 
Ta—Free-Air Temperature Response-Time-Control Capacitance — pF 
FIGURE 13 FIGURE 14 
T Data for temperatures below 0°C and above 70°C and for supply voitages below 4.75 V and above 5.25 V are applicable to SN55115 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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—  $N55115, SN75115 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL APPLICATION DATA 


LOCATION 3f° — = ~~ ™ “TLOCATION 5 
8 Dh 
ak ee 
Zot 

i ° : 
amar 4 

eats RES » SECT LOCATION 6 

- 1 7 : 
rR — “i TWISTED se “LOCATION 4 
PAIR 


“Dp. 13 DRIVER 
os 15 RECEIVER 


TA capacitor may be connected in series with Zo to reduce power dissipation. 


FIGURE 15. BASIC PARTY-LINE OR DATA-BUS DIFFERENTIAL DATA TRANSMISSION 


Line Drivers/Receivers ES ; 
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SN55116 THRU SN55119 
SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 


D2143, MAY 1976—REVISED SEPTEMBER 1986 


features common to all types additional features of the SN55116/SN75116 
@ Single 5-V Supply @ Independent Driver and Receiver 


3-State Driver Output Circuitry @ Choice of Open-Collector or Totem-Pole 


TTL-Compatible Driver inputs Outputs on Both Driver and Receiver 


@ Dual Data Inputs on Driver 


Optional Line-Termination Resistor in 


Receiver 


@ 
@ TTL-Compatible Receiver Output 
@ Differential Line Operation 

a 


Receiver Output St (446, 47 , 
nent a ies cee ea @® +15-V Receiver Common-Mode Capability 


@ Designed for Party-Line (Data-Bus) @ Receiver Frequency Response Control 


Applications additional features of the SN55117/SN75117 


@ Choice of Ceramic or Plastic Packages @ Driver Output Internally Connected to 
Receiver Input 


The $N55118/SN75118 is an SN55116/SN75116 with 3-State Receiver Output Circuitry 
The SN55119/SN75119 is an SN55117/SN75117 with 3-State Receiver Output Circuitry 


description 


These integrated circuits are designed for use in interfacing between TTL-type digital systems and differential 
data transmission lines. They are especially useful for party-line (data-bus) applications. Each of these circuit 
types combine in one package a three-state differential line driver and a differential-input line receiver, 
both of which operate from a single 5-volt power supply. The driver inputs and receiver outputs are TTL 
compatible. The driver employed is similar to the SN55113/SN75113 three-state line driver, and the receiver 
is similar to the SN55115/SN75115 line receiver. 


The ‘116 and ‘118 circuits offer all the features of the SN55113/SN75113 driver and the 
SN55115/SN75115 receiver combined. The driver performs the dual input AND and NAND functions when 
enabled, or presents a high impedance to the load when in the disabled state. The driver output stages 
are similar to TTL totem-pole outputs, but have the current-sink portion separated from the current-sourcing 
portion and both are brought out to adjacent package pins. This feature allows the user the option of using 
the driver in the open-collector output configuration, or, by connecting the adjacent source and sink pins 
together, of using the driver in the normal totem-pole output configuration. 
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The receiver portion of the ‘116 and ‘118 features a differential-input circuit having a common-mode voltage 
range of +15 volts. An internal 130-ohm resistor is also provided, which may optionally be used for 
terminating the transmission line. A frequency response control pin allows the user to reduce the speed 
of the receiver or to improve differential noise immunity. The receiver of the ‘116 also has an output strobe 
and a split totem-pole output. The receiver of the ‘118 has an output-enable for the three-state split totem- 
pole output. The receiver section of either circuit is independent of the driver section except:for the Vcc 
and ground pins. 


The ‘117 and ‘119 circuits provide the basic driver and receiver functions of the ‘116 and ‘118, but use 
a package that is only half as large. The ‘117 and ‘119 are intended primarily for party-line or bus-organized 
systems as the driver outputs are internally connected to the receiver inputs. The driver has a single data 
input and a single enable input, and the ‘117 receiver has an output strobe while the ‘119 receiver has 
a three-state-output enable. These devices do not, however, provide output connection options, line 
termination resistors, or receiver frequency-response controls. 


The SN55116, SN55117, SN55118, and SN55119 are characterized for operation over the full military 
temperature range of —55°C to 125°C; the SN75116, SN75117, SN75118, and SN75119 are 
characterized for operation from O°C to 70°C. 
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SN55116... J PACKAGE 
SN75116...D, J, OR N PACKAGE 


(TOP VIEW) 


SN55116 
FK PACKAGE 


(TOP VIEW) 


na O 
NNO OW 
Oo G2 2. 
STL, 
ee en 


20 19 


DYST)4 18[] DA 
DYP [}5 17[] DE 
NC 6 16[] NC 
RA 17 15[} RYP 
R718 14|} RYS 
10 11 12 13 
eoSeer 
G) cc 


SN55117 .. . JG PACKAGE 
SN75117...D, JG, OR P PACKAGE 


(TOP VIEW) 


SN55117 
FK PACKAGE 


(TOP VIEW) 


O.— O-O'O 
7 a eo 
EY 


NC fj4 18L} NC 
BI]|5 17] DE 
NC f}6 16L] NC 


9 
= 
O 
Ps 


NC—No internal connection. 
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SN55118 . . . J PACKAGE 
SN75118...D, J, OR N PACKAGE 


(TOP VIEW) 


SN55118 
FK PACKAGE 


(TOP VIEW) 
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a) 
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20 19 


DYS [) 4 18L] DA 
DYP Ij 5 17\j DE 
NC [j6 16(} NC 
RA {) 7 15[] RYP 


14L] RYS 
12 1 


RT 8 


NC 
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SN55119 .. . JG PACKAGE 
SN75119...D, JG, OR P PACKAGE 


(TOP VIEW) 


SN55119 
FK PACKAGE 


(TOP VIEW) 
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= yn pee ee 
Xe so 


20 19 


NC f}4 NC 
Bs DE 
NC fjé NC 
AD? RY 
NC f}8 NC 
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‘116, ‘118 “117, ‘119 
FUNCTION TABLE FUNCTION TABLE 
OF DRIVER OF DRIVER 


INPUTS OUTPUTS 
DE... DA. BB a DY . . 02 


INPUTS | OUTPUTS 
H H H L 
L H L H 
X L Z Z 


‘116, ‘118 *117,.°119 
FUNCTION TABLE OF RECEIVER FUNCTION TABLE OF RECEIVER 


OUTPUT RY 


Xx H Z 
L H H 
H L L 


H = high level (Vj = Vip min or Vip more positive than VT} max) 
L = low level (Vj; < Vi_ max or Vip more negative than VT__ max) 
X = irrelevant 

Z = high impedance (off) 


INPUTS OUTPUT RY 


B RS/RE ‘117 “119 


A 
H & H H H 
L 
X 


H H L L 
Xx be Z 


schematics of inputs and outputs 


EQUIVALENT OF EQUIVALENT OF TYPICAL OF ALL OUTPUTS 
EACH DRIVER INPUT EACH RECEIVER INPUT 
AND EACH RE AND RS INPUT (EXCLUDING ENABLES 
AND STROBES) 


” 
hes 
® 

A 
7) 
a) 
® 

c 

— 
w 
ee 
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> 

go 

a) 
o 

& 

pes 


Vcc 


1 pF NOM 


PULLUP 


ouTpuTt 


SINK 
ouTPuTt 


Driver output R = 9 2 NOM 
Receiver output R = 20 2 NOM 
tT On 117 and ‘119, common outputs replace 
the separate pullup and sink outputs. 
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logic symbolst 


SIDAIBOS 


logic diagrams (positive logic) 


‘116 AND ‘118 DRIVER 
(13) 


DE 


DYP DYP (PULLUP) 
zs aie DYS (SINK) 
DA pzp pa 114) 
DB Dzs ae 
1) 5 zp (PULLUP) 
(2) 
RB DZS (SINK) 
RA RYP ‘116 RECEIVER 
RT 
RS se re w (12) RYP 
(PULLUP) 
RTC ne (11) RYS 
RT (SINK) 
RTC 
ia RS 
= 
@ 
we) 118 RECEIVER 
= RE (10) ro 
12 
Oo RB RYP (PULLUP) 
a (11) 
Pte RA RYS (SINK) 
BS) 
RT 
: RTC 
‘117 DRIVER AND RECEIVER 
RS (5) 
BUS 
‘119 DRIVER AND RECEIVER 
‘119 
RE (5) 
BUS 
T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown for ‘116 and ‘118 are for J and N packages; those shown for ‘117 and ‘119 are for JG and P packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 


DA, DB, DE, DI, RE, RS 


Input voltage, V; RA, RB, RT 
A and B 


SN55116 
THRU 
SN55119 


FK packege FSR (aera 
T package 1378 [1028 
3 


SN75116 
THRU 
SN75119 


Continuous total dissipation at (or below) 


25°C free-air temperature (see Note 2) JG package Sey. ae 825 
N packoge oy ee 
P package eT ee 


Operating free-air temperature range }-55to 125} Oto70 | °C | 
Storage temperature range —65 to 150 | —65 to 150 
Case temperature for 60 seconds: FK package es ee Bee SS 


Lead temperature 1,6 mm (1/16 inch) from case 
‘ Speen oats 300 300 °C 
for 60 seconds: J and JG packages 
Lead temperature 1,6 mm (1/16 inch) from case 260 oC 
for 10 seconds: D, N, or P package 


NOTES: 1. All voltage values are with respect to network ground terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the FK and J packages, 
SN55116 through SN55119 chips are alloy mounted and SN75116 through SN75119 chips are glass mounted. In the JG 
package, SN55117 and SN55119 are alloy mounted and SN75117 and SN75119 chips are glass mounted. In the N package, 
use the 9.2 mW/°C curve for these devices. In the P package, use the 8-mW/°C curve for these devices. 


recommended operating conditions 
PARAMETER are U 

MIN MIN TYP MAX 
4.5 


High-level input voltage, Vin All inputs except el) re a ee 
Low-level input voltage, ViL differential inputs re 
| Go aera Sean) kadai | 
High-level output current, IQH : mA 
5 ee Roe eee = SR eS 
Pee ee 
Low-level output current, Io. - mA 
Rupee Se i ee 


Pebide.  e ri.  e 
Receiver input voltage, V| 717-7119 Vv 


Operating free-air temperature, Ta SS ee ey 
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SN55116 THRU SN55119, SN75116 THRU SN75119_— 
DIFFERENTIAL LINE TRANSCEIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


driver section 


a Ange, 
PARAMETER TEST CONDITIONSt UNIT 


MIN TYP* MAX | MIN TYP* MAX 
Vik Input clamp voltage Vcc = MIN, || = -12 mA 


Ta = 25°C (SN55") eae 
2 
1.8 


Vcc = MIN, 
Vou High-level output voltage |Vj, = 0.8 V, 
Vip = 2V 


Ta = -55°C to 125°C = [Igy = —10 mA 


(SN55’) lon = —40 mA 


Vec = MIN, Vin = 2 V, 
Vo_ Low-level output voltage 
Vit = 0.8 V, lo, = 40 mA 


VoK Output clamp voltage Vcc = MAX, Io = —40 mA, DE at 0.8 V 
Ta = 25°C 


Soar ee 
SN75' 


Vcc = MAX, Vo = Oto Vcc, DE at 0.8 V, 
Ta = 25°C 
Vec = MAX, 
DE at 0.8 V, 
Ta = MAX 


N 
b 
WwW 
pS 
Bes 


Off-state open-collector 
lO(off) 


Nh 
° 
2) 


output current 


NO 


+10 


ee ae mene "ee ENP = Ae 
Vo = Oto Vcc 


Vec = MAX, V; = 5.5 V 


Se ee fs i sag yee ema as | 
input current | input 
Low-level 

hie ; Vcc = MAX, Vv; = 0.4 V —1.6 mA 
input current 
Short-circuit 

los § Vcc = MAX, Vo = 0, Ta = 25°C —40 —120 —40 -— 120 
output current 
Supply current (driver 

lec ; ; Vcc = MAX, Ta = 25°C 42 60 | mA 
and receiver combined) 


Tall parameters with the exception of off-state open-collector output current are measured with the active pull-up connected to the sink output. For conditions 
shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ All typical values are at Vcc = 5 Vand Ta, = 25°C. 

8 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


Off-state 


(high-impedance-state) 


output current 


Input current 


at maximum 


input voltage | Driver or 


enable 


High-level 


iH 


switching characteristics, Vcc = 5 V, CL = 30 pF, Ta = 25°C 


driver section 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
tp_H Propagation delay time, low-to-high-level output 14 30 
- - See Figure 13 
tpH_ Propagation delay time, high-to-low-level output 12 30 
tpzH Output enable time to high level Ri = 1809, See Figure 14 8 20 | ns | 
tpz, Output enable time to low level Ri = 2509, See Figure 15 . 17 40 | ns | 


tpyz Output disable time from high level Ri = 1802, See Figure 14 ae OR 
tp_z Output disable time from low level Ri = 2502, See Figure 15 20 35 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


receiver section 


PARAMETER TEST CONDITIONS* 


‘117, ‘119 eae 
MIN TYP? MAX] MIN TYP MAX 


Vec = MIN, 
Vary Differential input Vo = 0.4V, Igor = 15 mA, | See Note 4 ees Vv 
high-threshold voltage See Note 3 Vec = 5V, 
See Note 5 
Vcc = MIN, 
Differential input Vo = 2.4V, Ion = —5 mA,] See Note 4 
low-threshold voltage § See Note 3 Vec = 5V, 


See Note 5 


Input voltage range* Vcc = 5V, Vip = -1Vor1V, See Note 3 


Vcc = MIN, 


Vip = -0.5V, 


High-level output voltage for =) 5. mAs Gee Notes 
See Note 3 Vec =5V, Vip=—-1V, ’ ic eens 
See Note 5 
Vcc = MIN, Vip = 0.5 V, 


See Note 4 
Vcc = 5 V, Vip = 1V, 
See Note 5 


= OV, Other input at OV sonia © cies 


Voc = MAX, 
ie ea 4 =0.4V, Other input at 2.4 V 0.4 —0.4 —0.8 | mA 
V; = 2.4V, Other input at 0.4 V O71... 6. 0.1 0.4 


Vv = MIN, = -—0, ; 
Vstrobe = 4-5 V 
fenabie_| Voc = MAX, vi = 5.5V 


Vcc = MAX, V, = 2.4V 


Suabe: | CC Pat ID. OP Ve EN rag 44.9 


Vcc = MAX, Vj =0.4V 


lol = 15 mA, 
See Note 3 


Low-level output voltage 


= 


e _ —_ 
hp asa 
° 
N 


(rec) | Receiver input current 


wo 


Input current at 
\ maximum input 
voltage 
High-level 

input current 


.S 
> 


Low-level 
input current 
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Response-time-control Vcc = MAX, Vip = 0.5 V, 
(RC) current (Pin 9) RC at OV, See Note 4 
Ta = 25°C 


Off-state open-collector 
Oloff) output current T MAX ae 


A = 
Ta = 25°C 


Off-state Vcc = MAX, SN55118 
loz (high-impedance state) Vo = OtoVcc, 
Ta = MAX 
output current RE at 0.4 V A SN75118 
SN75119 


Rt Line-terminating resistance} Vcc = 5 V A = 25°C 
Short-circuit Vcc = MAX, Vo = 0, 

| = 25° 

os output current! Vip = —0.5 V, See Note 4 Se 

' Supply current (driver Vcc = MAX, Vip = 0.5 V, T 

ce and receiver combined) See Note 4 


T Unless otherwise noted Vstrobe = 2-4 V. All parameters with the exception of off-state open-collector output current are measured with the active pull-up 
connected to the sink output. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V, Ta = 25°C, and Vic = 0. 
8 Differential voltages are at the B input terminal with respect to the A input terminal. Neither receiver input of the ‘117 or ‘119 should be taken negative 
with respect to GND. 
{ The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltages only. 
# Input voltage range is the voltage range that, if exceeded at either input, will cause the receiver to cease functioning properly. 
Not more than one output should be shorted at a time. 
NOTES: 3. Measurement of these characteristics on the ‘117 and ‘119 requires the driver to be disabled with the driver enable at 0.8 V. 
4. This applies with the less positive receiver input grounded. 
5. For’116 and ‘118, this applies with the more positive receiver input at 15 V or the more negative receiver input at — 15 V. For ’117 and ‘119, 
this applies with the more positive receiver input at 6 V. 


Ta = 25°C 


> 


5S 
> 
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+150 
+150 
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s] 16 ro) ih 
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—$N55116 THRU SN55119, SN75116 THRU SN75119 


DIFFERENTIAL LINE TRANSCEIVERS 


switching characteristics, Vcc = 5 V, CL = 30 pF, Ta = 25°C 


receiver section 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
t Propagation delay time, low-to-high-level output 20 75 
PLH = : ‘ Ri, = 400 2, See Figure 16 


tpy_ Propagation delay time, high-to-low-level output Ee] 
Ri = 4802, See Figure 14 9 ae 


17 75 
RL = 2500, See Figures | 16 __95.| 
[r= 480.0, See Figure 14 [| ——-12-~—=«30 


tpLz Output disable time from low level 


TYPICAL CHARACTERISTICS 


DRIVER OUTPUT VOLTAGE DRIVER OUTPUT VOLTAGE 
vs vs 
DRIVER INPUT VOLTAGE DRIVER INPUT VOLTAGE 


% 7 
2 g 
ee Ss G 
o > > 
gf 8 E 
< i= = 
= 2 6 
a } 
> > 
V;—Date Input Voltage—V V;—Data Input Voltage—V 
FIGURE 1 FIGURE 2 
U 
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TYPICAL CHARACTERISTICS 
DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE 


vs vs 
OUTPUT CURRENT OUTPUT CURRENT 


VoH—High-Level Output Voltage—V 


100 120 
1IOH—High-Level Output Current—mA lo. —Low-Level Output Current—mA 
FIGURE 3 FIGURE 4 
DRIVER PROPAGATION DELAY TIMES DRIVER OUTPUT ENABLE AND DISABLE TIMES 
FREE-AIR TEMPERATURE? FREE-AIR TEMPERATURE? 


wn 
tess 
© 
2 
® 
o 
® 
c 
— 
H 
ae 
o 
i 
ee 
OQ 
© 
= 
er 


ee ee oe 
Be = Gives SS CRE 


Propagation Delay Times—ns 
Output Enable and Disable Times—ns 


0 
—75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—C 

FIGURE 5 FIGURE 6 


Tt Data for temperatures below O°C and above 70°C are applicable to SN55116 through SN55119 devices only. 
NOTE 6: For tpzy and tpyz: RL = 180 Q, see Figure 14. For tpz, and tp_z: Ry = 250 Q, see Figure 15. 
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TYPICAL CHARACTERISTICS 


RECEIVER OUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE 
Vs vs 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGET 


Vec=5V 
Load = 2 k{22 to Vcc 


here 
ee 


|| Ta = 125°C 
| 


—0.2 —0.1 0 0.1 0.2 


Vo—Output Voitage—V 
Vo—Output Voltage—V 


Vip—Differential Input Voitage—V Vip—Differential Input Voltage—V 
FIGURE 7 FIGURE 8 
RECEIVER PROPAGATION DELAY TIMES RECEIVER OUTPUT ENABLE AND DISABLE TIMES 
vs vs 
FREE-AIR TEMPERATURET FREE-AIR TEMPERATURE?t 


Vcc =5V 
See Note 7 


ieee 
ee 


\ 


ae See 
Be RG Gea ae 


Propagation Delay Times—ns 


Giuliana 


4 
Gin | ae 
aes 


Output Enable and Disable Times—ns 


o 


—75 -50 -25 0 25 50 75 100 125 —75 50° 25 0 25 50 75 100 125 
Ta—Free-Air Temperature—C Ta—Free-Air Temperature—C 
FIGURE 9 FIGURE 10 


tT Data for temperatures below 0°C and above 70°C are applicable to SN55116 through SN55119 devices only. 
NOTE 7: For tpzy and tpyz: RL = 480 Q, see Figure 14. For tpz_ and tp_z: Ry, = 250 Q, see Figure 15. 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT (DRIVER AND RECEIVER) SUPPLY CURRENT (DRIVER & RECEIVER) 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURET 


Icc—Supply Current—mA 
icc—Supply Current—mA 


-—75 -50 -25 0 25 50 75 100 125 
Vcc—Supply Voltage—V Ta—Free-Air Temperature—C 
FIGURE 11 FIGURE 12 


T Data for temperatures below 0°C and above 70°C are applicable to SN55116 through SN55119 devices only. 


Line Drivers/Receivers a 


XAS 4 4-141 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN55116 THRU SN55119, SN75116 THRU SN75119 
DIFFERENTIAL LINE TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


FROM OUTPUT TEST FROM OUTPUT TEST 
UNDER TEST POINT UNDER TEST POINT 
C. = 30 pF C, = 30 pF Ry 
LC (See Note B) (See Note B) 43 a0 
LOAD CIRCUIT ; LOAD CIRCUIT 


OUTPUT 


‘PLH-¢—_ > he—} tpHL 


ot ee VON 


— AND 

| OUTPUT ey 

° VoL 

g VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

< 

@ FIGURE 13. tp_H and tpy,_ (DRIVERS ONLY) FIGURE 14. tpzH and tpyz 

=, 

eS) 5V 

e R,_ =2502 

oD FROM OUTPUT TEST FROM OUTPUT 

< UNDER TEST POINT UNDER TEST 

: FP see nove 8) See ea ate 

” = “en = (See Note B) = 
LOAD CIRCUIT LOAD CIRCUIT 


B INPUT 
(See Note E) 1 | 
OUTPUT 
OUTPUT 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
FIGURE 15. tpz, and tpiz FIGURE 16. tp_H and tp, (RECEIVERS ONLY) 


NOTES: A. Input pulses are supplied by generators having the following characteristics Zou, = 502, PRR < 500 kHz, tw = 100 ns. 
B. Cy includes probe and jig capacitance. 

C. All diodes are 1N3064 or equivalent. 

D. When testing the ‘116 and ‘118 receiver sections, the response-time control and the termination resistor pins are left open. 
E. For ‘116 and ‘118, Vy = 3 V, VL = —3 V, the A input is at O V. 


For ‘117 and ‘119, Vy O V, the A input is at 1.5 V. 


3 V, VL 
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SN55121, SN75121 
DUAL LINE DRIVERS 


D1334, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


Designed for Digital Data Transmission over 

50-22 to 500-2 Coaxial Cable, Strip Line, or 
Twisted Pair 

@ High-Speed. . 
CL = 15 pF 


TTL Compatible with Single 5-V Supply 


SN55121.. . J PACKAGE 
SN75121...D, J, OR N PACKAGE 


(TOP VIEW) 


-tpd = 20 ns Max at 


2.4-V Output atloH = —75 mA 


Uncommitted Emitter-Follower Output 
Structure for Party-Line Operation 


Short-Circuit Protection 


AND-OR Logic Configuration SN56121 . .. FK PACKAGE 


| (TOP VIEW) 
Designed for Use with Triple Line Receivers Q 
SN55122, SN75122 atO Ou 
-- Zon 
@ Designed to be Interchangeable with 50 1 


Signetics N8T13 


1c 4 18U] 2E 

ae 1D 15 17} 2D 
description nc fe 16(] NC 
The SN55121 and SN75121 dual line drivers are 16 97 15L} 2C 


designed for digital data transmission over lines 


1F U8 


14[}] 2B 


10 11 12 13 


having impedances from 50 to 500 02. They are 
also compatible with standard TTL logic and > 
supply voltage levels. = 


we a ee ee 
QO>€4 
ZZNN 


) 
The low-impedance emitter-follower outputs of 
the SN55121 and SN75121 will drive 
terminated lines such as coaxial cable or twisted 
pairs. Having the outputs uncommitted allows 
wired-OR logic to be performed in party-line 
applications. Output short-circuit protection is 
provided by an internal clamping network that 
turns on when the output voltage drops below 
approximately 1.5 volts. All of the inputs are in 
conventional TTL configuration and the gating 
can be used during power-up and power-down 


NC —No internal connection 


” 
tw 
® 
A 
® 
a) 
® 
ce 
— 
a 
be 
® 
> 
= 
QO 
o 
= 
sal 


FUNCTION TABLE 


INPUTS OUTPUT 
A B Cc D E F Y 
H H H H X 


H 
H 
L 


Xx X Xx Xx H H 
All other input combinations 


H = high level 
sequences to ensure that no noise is introduced L = low level 
to the line. X = irrelevant 


The SN55121 is characterized for operation over 
the full military temperature range of —55°C to 
125°C. The SN75121 is characterized for 
operation from O°C to 70°C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard sig beni h Production processing does not 
necessarily include testing of all parameters. 


Copyright © 1984, Texas Instruments Incorporated 
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SN55121, SN75121 
DUAL LINE DRIVERS 


logic symbolT logic diagram (positive logic) 
an it) 1A 
1B a 
ic 


1c 
1D 
1E 
1F 


2A 
2B 
2c 
2D 
2E 
2F 


1D 
1E 


1F 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for J and N packages. 


a 

= | 

@ schematic (each driver) 

Y Vcc 

2 LINE DRIVER 

“ 

— 

J pee 

5 

®. pene oe 

< 2 er 

a . mee ce eb 
E Y 
>; Seer: ia 


GND 


TO OTHER 
LINE DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


| SN55121 | SN75121 | UNIT 


Supply voltage, Vcc (see Note 1) 
Input voltage 
Output voltage 

D package 
Continuous total dissipation at (or below) | FK or J package 
25°C free air temperature (see Note 2) J package 

N package 
Operating free-air temperature range 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 


NOTES: 1. All voltage values are with respect to both ground terminals connected together. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55121 
chips are alloy mounted and SN75121 chips are glass mounted. In the N package, use the 9.2 mW/°C curve for these devices. 
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SN55121, SN75121 
DUAL LINE DRIVERS 


recommended operating conditions 


Supply voltage, Vcc 4.75 5 5.25 | 4.75 5 5.25 
55 


ighae tanvGe. Mn acer ee ee 
towsevsimprcvotee PT 
ightovel ouput curent, Qh 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


Voc = 8V, = 10mA 


Vin = 4.5 V, 
IOH High-level output current 
A= See Note 3 


lOL Low-level output current 
IO(off) Off-state output current Vec = 3 V, Vo =3V 


Mog Shortcircuit output current” | Veg = 8V, Ta = 25°C 
Vcc = 5.25 V, Allinputs at 2V, Outputs open 28 
Voc = 5.25, Alinputs at O18 V, Outputs open | _____——60| mA | 


TNot more than one output should be shorted at a time. 
NOTE 3. The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the 
function table for the desired output. 


3/5 


switching characteristics, VCC = 5 V, Ta = 25°C 


tpLH Propagation delay time, low-to-high-level output RL = 372, Cy = 15 pF, 
tpyH_ Propagation delay time, high-to-low-level output See Figure 1 


tpLH Propagation delay time, low-to-high-level output Rt = 372, Cy = 1000 pF, 
tpH_ Propagation delay time, high-to-low-level output See Figure 1 


3V Vcc 


OUTPUT 


CL 
(See Note B) 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1. SWITCHING TIMES 


NOTES: A. The pulse generators have the following characteristics: Zoyt ~ 502, tw = 200 ns, duty cycle < 50%. 
B. C, includes probe and jig capacitance. 


Line Drivers/Receivers 
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$SN55121, SN75121 
DUAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 
OUTPUT CURRENT vs OUTPUT VOLTAGE 


!o—Output Current—mA 


0 
0:05 1°15 2°25 3.38 4 45 5S 
Vo—Output Voltage—V 


FIGURE 2 


TYPICAL APPLICATION DATA 


SIBAIQDOY/SIBAUIG eur] iS 


ER ee Smee Sere 75-2 COAXIAL! am 
75-2 COAXIAL CABLE CABLE | np 1/3 _SN55122 | 
0 LASS 80 3 4S PTR it 
752 75 | Se SS | 
ri pa abe Wee Ses SS 
| 


| 
| | 
| _ 1/2 SN55121 | 


ep aad neon esa 75-2 COAXIAL CABLE 


FIGURE 3. SINGLE-ENDED PARTY LINE CIRCUITS 
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SN55122, SN75122 
TRIPLE LINE-RECEIVERS 


D1334, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


Designed for Digital Data Transmission Over SN55122.. . J PACKAGE 
Coaxial Cable, Strip Line, or Twisted Pair SN75122...D, J, OR N PACKAGE 


® Designed for Operation with 50-0 to 500-0 (TOP VIEW) 
Transmission Lines 


@ TTL Compatible 
®@ Single 5-V Supply 
@ Built-in Input Threshold Hysteresis 
@ High Speed .. . Typical Propagation 
Delay Time = 20 ns 
@ Independent Channel Strobes 
SN55122.. . FK PACKAGE 
@ Input Gating Increases Application Flexibility (TOP VIEW) 
@ Fanout to 10 Series 54/74 Standard Loads oat vo nc wo 
@ Can be Used with Dual Line-Drivers SOI 
SN55121 and SN75121 ea 
2R {4 18L] 1R 
@ Interchangeable with Signetics N8T14 2s fs wl ty 
NC {j6 16L] NC 
2A {7 15U] 3A 
description 288 14(] 3S 
9 10111213 
The SN55122 and SN75122 are triple line- SS hc 
receivers that are designed for digital data x 2 a ee 
transmission over lines having impedances from oO 


50 to 500 ohms. They are also compatible with 


; NC—No internal connection 
standard TTL logic and supply voltage levels. | 


Line Drivers/Receivers ES 


The SN55122 and SN75122 have receiver inputs with built-in hysteresis to provide increased noise margin 
for single-ended systems. The high impedance of this input presents a minimum load to the driver and 
allows termination of the transmission line in its characteristic impedance to minimize line reflection. An 
open line will affect the receiver input as would a low-level voltage. The receiver can withstand a level 
of —0.15 volt with power on or off. The other inputs are in TTL configuration. The S input must be high 
to enable the receiver input. Two of the line receivers have A and B inputs that, if both are high, will hold 
the output low. The third receiver has only an A input that, if high, will hold the output low. 


The SN55122 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The SN75122 is characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information 


—_ ~ of cope date. pseney — . TEXAS 4 
speci ications per e@ terms 0 exas instrumen 

rd . Producti ing d = 
tiaaderd warrenty. Rredestion prsssssiog Anes aot INSTRUMENTS sack 
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$N55122, SN75122 
TRIPLE LINE-RECEIVERS 


logic symbolt logic diagram 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


r IEC Publication 617-12. 

> Pin numbers shown are for D, J, and N packages. 
@ 

| FUNCTION TABLE 
ans 

< 

@ 

bain } 

Nn 

~ 

m2) 

@ 

7) 

@. 

< 

@ 

= 

7) 


T B input and last two lines of the 
function table are applicable to 
receivers 1 and 2 only. 


H = high level 
L = low level 
X = irrelevant 
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SN55122, SN75122 
TRIPLE LINE-RECEIVERS 


schematic diagram (each receiver) 


(16) 


Vcc 
TO OTHER 800 0 58 0 
RECEIVERS Y 
14, 3, 10 4 
a. ) 


j ay a 
7 
(15, 4, 11) 
S 
(8) 


GND 
TO OTHER A (1,5,12) 
RECEIVERS (2, 6) 
$B ae set oe 
\/ .»» Vee bus 


8B input is provided on receivers 1 and 2 only. 
Resistor values shown are nominal. 


> 
3 
Line Drivers/Receivers 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supp -yenege, Mee (e66-NOte-T)cs- 2 5 Sed ae so ee er ee od Pee 6V 
STU A PE CRIN INE oa a en ak Ws gS foal a chp AG ROSA ia Pink pete te ik, ee te 6V 
ER a OE 5 Sar SG Sa le ees a iva RANE aeaTT Waa woe 5.5 V 
(paee atin CRON <3 te Ghee Oa. se ai SRE ee RESTS PO eee Ae SPUR wma Bans Koa Nk bee ee 6V 
SEE a OS aE SATE 8, Pans Lait See ES OR eee OS ee Na) NP eC IN ac aN Bes A ae Dee Ag 5 +100 mA 
Continuous total power dissipation at (or below) 25°C case temperature (see Note 2): 
COUN or Es ee ek NS noe Ae eh OLE SEE ert Be 2 CET Re DR ae ak CRO 950 mW 
EAC MOS cl ds Gi 03 boo 0 oe STE Ray « Se AL a de ea StS os sh bie te 1375 mW 
Pr SAO iy). Se ot 5 a ad a ts ok pum eal a RE Tacs hs ce a a ee WS 1150 mW 
Operating free-air temperature range: SN55122............ 2.2.20 ee eee -55°C to 125°C 
OP be aa es te ee i Ee 28 eee 0°C to 70°C 
Storene temmerative rare. Ss os ecw Pee oe ele ee es eae MATS. ig ee -—65°C to 150°C 
Case temperuire for 60 secondé: FI package os kw oe ee eR ee ee se ot 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the FK and J package, 
SN55122 chips are alloy mounted and in the J package, SN75122 chips are glass mounted. For derating the N package, 
use the 9.2-mW/°C curve and for the D package, use the 7.6-mW/°C curve. 
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SN55122, SN75122 : 
TRIPLE LINE-RECEIVERS 


recommended operating conditions 


Supply voltage, Vcc 4.75 § 5.25 


Mpperimmorvciags Vn JA 6.RorS a 
Sa ane ee 
High-level output current, IoH bs i Sr BOO LRA | 
Low-level output current, Io. ie eee ES 


5 
Operating free-air temperature, T 
ie é A | SN75122 


electrical characteristics over recommended operating free-air temperature, Vcc = 4.75 V to5.25 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
Vhys? Hysteresis 1 R | Vee = BV, - Ta = 25°C 
Vik __ Input clamp voltage Vec =5V, l= -12mA 
ViiBR) Input breakdown voltage | A,B, or S| Vcc = 5 V, i} = 10 mA 


ViH = 2V, Vit = 0.8 V, IoH = —500 pA 
Viis) = 2 V. 


Vi(A) = 9. ViiB) = 9, 
Vi(R) = 1.45 V_ (see Note 3), 
IoOH = —500 vA 
ViH = 2V, Vit = 0.8 V, IoL = 16 mA 
Vus) = 2, 


VOH High-level output voltage 


Vi(B) = 9, 


VOL Low-level output voltage 


0.3 0.6 

2.6 
0.4 
170 


ViiR) = 1.45 V (see Note 4), 
lol = 16 mA 
PR ULM = 3.8V 
A,B,orS|Vj=0.4V, Vin = 0.8V ‘Xe OS 2 


m 
los? — Short-circuit output current Vcc = 5V, Ta = 25°C m 
ICCH High-level supply current Vcc = 5.25 V, All inputs at 0.8 V, Outputs open 72 


ICCL Low-level supply current Vcc = 5.25 V, All inputs at 2 V, Outputs open ae GS RSS 


T All typical values are at Vcc = 5 V and Ta = 25°C. 
t Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 
V7 —. See Figure 4. 
8 Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTES: 3. The receiver input was high immediately before being reduced to 1.45 V. 
4. The receiver input was low immediately before being increased to 1.45 V. 


V 
V 
V 
V 
V 
pA 
A 
A 
mA 
mA 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpi.H Propagation delay time, low-to-high-level output from R input See Figure 1 20 30 ea ee 
tpH_ Propagation delay time, high-to-low-level output from R input See Figure 1 20 30 
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SN55122, SN75122 
TRIPLE LINE-RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vcc 2.6 V 


84.5 2 


1N3064 


| 
| 
OUTPUT +$——>+ PL 
| 
| 
! 


GENERATOR 
(see Note A) 


5 kQ 


OUTPUT ; 1.5V 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyz = 502, ty = 200 ns, duty cycle = 50%. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
vs 
INPUT VOLTAGE 


Line Drivers/Receivers ES 


VT- VT + 


Vo— Output Voltage—V 


0 
0 0.4 0.8 1 1.4 18° 2 
Vj—Input Voltage—V 
FIGURE 2 
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SN55122, SN75122 
TRIPLE LINE-RECEIVERS 


TYPICAL APPLICATION DATA 


75-2 COAXIAL 4 


75-2 COAXIAL CABLE CABLE 1/3 SN55122 
a ee eee ee re hee | 
762 75 | = : 
= Le al ee = 2 
: | | re 


| 
| | 
| 12 SNS8121 | 


=——-— —— 7 75-2 COAXIAL CABLE 


aw 
a 
@ 
0 
a. 
= 
@ 
-~= 
” 
— 
D 
@ 
'?) 
®. 
< 
@ 
=| 
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4-152 


OUTPUT 


VoL 


The high gain and built-in hysteresis of the 
SN55122 and SN751 22 line receivers enable them 
to be used as Schmitt triggers in squaring pulses. 


FIGURE 4. PULSE SQUARING 
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SN75123 
DUAL LINE DRIVER 


D1322, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


Meets IBM System 360 Input/Output D, J, OR N PACKAGE 
Interface Specifications (TOP VIEW) 


Operates from Single 5-V Supply 
TTL Compatible 
3.11 V Output at lon = -—59.3 mA 


Uncommitted Emitter-Follower Output 
Structure for Party-Line Operation 


Short-Circuit Protection 


AND-OR Logic Configuration 


FUNCTION TABLE 


Designed for Use with Triple Line Receiver 
SN75124 


INPUTS 
Ae DO Est 
H 


Mr Ae 
Se Ga ee 
All other input 


OUTPUT 


Y 
H 
H 
L 


@ Designed to be Interchangeable with 
Signetics N8T23 


description combinations 
The SN75123 dual line driver is specifically He lotr level 
designed to meet the input/output interface L = low level 
specifications for IBM System 360. It is also X = irrelevant 
compatible with standard TTL logic and supply 
voltage levels. logic symbolt 


The low-impedance emitter-follower outputs of 
the SN75123 will drive terminated lines such as 
coaxial cable or twisted pair. Having the outputs 
uncommitted allows wired-OR logic to be 
performed in party-line applications. Output = (7) 4y 


ia 


1B 


” 
on 
o 
Fa 
7) 
a) 
® 
c 
— 
” 
ben 
o 
> 
a 
a) 
o 
Ps 
cal 


short-circuit protection is provided by an internal = 
clamping network that turns on when the output = 
voltage drops below approximately 1.5 volts. All a! 
the inputs are in conventional TTL configuration 2A 
and the gating can be used during power-up and 28 
power-down sequences to ensure that no noise 2C 2Y 
is introduced to the line. 2D 
; ; : 2E 
The SN75123 is characterized for operation from oe 
OG to-7a-C. 
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
logic diagram, each driver (positive logic) 
A 
B 
Cc 
D 
Y 
E 
F 
PRODUCTION DATA documents contain information = Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to ‘| 
yl aa per = a of Texas Sop eeyper TEXAS 4 
standard warranty. Production processing does not - 
necessarily include testing of fi sarees: INST RUMENTS 153 
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SN75123 
DUAL LINE DRIVER 


schematic (each driver) 


(16) 


Vcc 


TO OTHER 
~ LINE DRIVER 


150 


“moon P 


GND 
TO OTHER 


2s LINE DRIVER 
: 3 Resistor values shown are nominal. 

0 

= absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

@ mupOe Vorsae. Vor tage Note: 1). ok ss ks- as SSeS ee el DO ieee ee 7V 

an Ri RK Se nee, oss. SE PUNO bo soe ERO 8 Le Ces EP 5.5 V 

og CREE CIRCE Se en are, eae iG iy a ORS Ok ea ae, ae 7V 

Oo Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

Q, PRUNE ENR soem h ea one al «ET eee ae Sk a8 gk a ae as og OEE ee REE Oe 950 mW 

= aE SON a aso aie cones Ne Pog IED ae oS eek eee SS Oe 1025 mW 

w BOS ere eget Me SS is: a En 7 AM Cy Maa Le OR aM SEES tke EF Lae 1150 mW 
Operating free-air temperature range .............. 2c ee ee eee Bas fy gm hisie G2C 16.70 °C 
PERCE ne SEPTIINGT AUC G-CMINIG Fas an T ES dw Ges ss vec SOR Sew. oes os Bene ees een ae -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 300 °C 


NOTES: 1. All voltage vaiues, except differential input voltage, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the 
J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 
In the J package, SN75123 chips are glass mounted. 


recommended operating conditions 


Operating free-air tempeature, Ta @) 
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SN75123 
DUAL LINE DRIVER 


electrical characteristics, VCC = 4.75 V to 5.25 V, Ta = O°C to 70°C (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN = MAX | UNIT 
Vik Input clamp voltage Vcc = 5V, = -12mA 
V(BR)| Input breakdown voltage Vec = 5V, l} = 10 mA 


| Veo =5V, Vn=2V, [ta = 26°C 
VOH High-level output voltage Vv 
loH = -59.3 mA, See Note 3, [Ta = 0°C to 70°C 


; Vec = SV, ViH = 4.5 V, VOH = 2V, 
| High-level output current — 100 — 250 mA 
OH " e Ta = 25°C, See Note 3 


VoL Low-level output voltage Vit = 0.8 V, lo. = —240 pA, See Note 3 Sees 1 Se 

lO(off) Off-state output current Vec = 0, Vo =3V Sea a 

iH _ High-level input current Vi = 4.5 V ae SS 
- 30 


He Low-level input current Vi = 0.4 V 


ICCH Supply current, outputs high mao 
Outputs open 
Outputs open 


TNot more than one output should be shorted at a time. 
NOTE 3: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the 
function table for the desired output. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


AL = 500, C= 189F 
See Figure 1 
AL = 508, C= 100 pF, 
See Figure 1 


” 
doses 
® 
2 
7) 
z) 
® 
cc 
— 
H 
des 
® 
> 
= 
a) 
® 
= 
me 


PULSE 


peal are OUTPUT Lf fot ae 
CL Gil oc VOH 
(See Note B) | 
OUTPUT 
= = = ee VOL 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyz =~ 502; tw = 200 ns, duty cycle = 50%. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SN75123 SWITCHING TIMES 
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SN75123 
DUAL LINE DRIVER 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT 
vs 
OUTPUT VOLTAGE 


All inputs at 2 V 


< 
E 
| 
5 
Oo 
2 
Ss 
7 
2 
Vo— Output Voltage—V 
FIGURE 2 
TYPICAL APPLICATION DATA 
? a paar are ~ 
| 
TE a ROS, DEST cia he a ifs aaa SLID To Me Mere RES LTP ek feet ho Sey 
Cc = ee | 95 2 COAXIAL CABLE ~ a 
D es els 
> 5: LE CRRRERSES 5: PO > Ea 
Rey : : } 
F ! 95 0 | STROBE ee: Y 
% $N75123 A | 
Roose = ei8 
1B 1 


FIGURE 3. UNBALANCED LINE COMMUNICATION USING ‘123 AND ‘124 
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SN75124 
TRIPLE LINE RECEIVER 


D1322, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


Meets IBM System 360 Input/Output D, J, OR N PACKAGE 
interface Specifications (TOP VIEW) 


Operates from Single 5-V Supply 
TTL Compatible 
Built-In Input Threshold Hysteresis 


High Speed . . . Typical Propagation Delay 
Time = 20 ns 


independent Channel Strobes 
input Gating Increases Application Flexibility 


Designed for Use with Dual Line Driver 
SN75123 


@ Designed to be Interchangeable with 
Signetics N8T24 


description 


The SN75124 triple line receiver is specifically 
designed to meet the input/output interface 
specifications for IBM System 360. It is also 
compatible with standard TTL logic and supply 
voltage levels. 


The SN75124 has receiver inputs with built-in 
hysteresis to provide increased noise margin for 
single-ended systems. An open line will affect 
the receiver input as would a low-level input 
voltage and the receiver input can withstand a 
level of —0.15 volt with power on or off. The 
other inputs are in TTL configuration. The S input 
must be high to enable the receiver input. Two 
of the line receivers have A and B inputs that, 
if both are high, will hold the output low. The 
third receiver has only an A input that, if high, 
will hold the output low. 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
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logic diagram (positive logic) 


The SN75124 is characterized for operation from 
O°C to 70°C. 


FUNCTION TABLE 


INPUTS OU 
Bt 


= 
uv 
or 
=j 


: 


4 
L 
' L 
H 
H 
H 
H 


+B input and last two lines of the 
function table are applicable to 
receivers 1 and 2 only. 
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SN75124 
TRIPLE LINE RECEIVER 


schematic (each receiver) 


(16) 


Vcc 
TO OTHER W/ 800 2 58 0 
RECEIVERS 


14, 3, 10 
R : (13, 7, 9) ¥ 


oT es 


(15, 4, 11) ou 
Ss 


6 
= 
© 
<) arog W 
=f (8) 
< GND (1, 5, 12) 
@ A 
cat (2, 6)t 
a TO OTHER B= Sen 
wy RECEIVERS 
@ 
.) 
©, 
< 
...Vecb 
Bey Neches 


TB input is provided on receivers 1 and 2 only. 
Resistor values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SPEER SCENIC AM UOTE SE Fen oe cia Fok aoa Rw Ak dn ER a Dt ag Oe Neem ETRE paw a MES vey 
SPAEDLes SPECT te EER OORT SSC" GEO os, ates cle gs aos) ete EE ol ae Pe ee 7V 
R input with Vcc not applied.............. Ya Se Se EES DED Rtrla GOBER od Gy ug aed 6V 
PRS EGR, ES ak cai ae re ret a ene am an cts CSI 2 er LS 5:5.V 
striae MOEA = oe aka aitss sn eee pres eo ace ee RG ee aS Se See eee eae 7V 
EU TST RET 2" IE ie Re pe Rene cea Re ag 6 eg Ne RR BRIN LRN 9 oes SET UR ara WE NEE. RCPS NIE Ns FS +100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
Be AGM: sore res cig eS eee PERCE beta SE a tle ee es Sra 950 mW 
SRAM ey Oeea: Gb Sas fir IS oe ee eek OE RO ee ee a 1025 mW 
RE eee ns Sear is ee nak fe et eee ee ce Weck ee ie Ee Oe eee a ee on 1150 mW 
Operating tree-alr teMperatwre. TERGS eos ee is ee ce pk we Oe ee eee es O°C to 70°C 
LOA AUTO ATUNTG TAMOO ... 565. os oe ovo So alaceals Bos ea oe eke Fee ae -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 
SN75124 chips are glass mounted. For these devices in the N package, use the 9.2-mW/°C curve. 
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SN75124 
TRIPLE LINE RECEIVER 


recommended operating conditions 


ee nk AE ee ee a cs 
Supply voltage, Vcc 4.75 5 5.25 


A, B, or S BS eee 
High level ine cola Pv | 
0 


< 


< 


A, B, or S 
Low-level input voltage, Vj, 


st 
High-level output current, IoH 


Low-level output current, Io. | mA | 


Operating free-air temperature, Ta 


3] 


PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 
Vaya Hysteresis (Vrs -Vi=J[R[ Veg = 5V Ta = 28°C 
Vik Input clamp voltage Vec = 5V, l) = -12 mA eee 


0. 
y Input breakdown AB sly 6V 
’ or = , 
(BR)I voltage Ce 
: ViH = Vin min, Vit = Vi_ max, IoH = —800 pA, 
V High-level output voltage 2.6 V 
OH ? e 9 See Note 3 
5 


Vin = Vin min, Vip = Vip max, | = 16 mA, 
Low-level output voltage IH IH iL It OL 0.4; V 
See Note 3 


Input current at Le Vi=7V ra 
maximum input voltage Vi = 6Y, Vcc = 0 ea 

High-level input current iS oS 
fe we sat 

Low-level input current A,B, or S| Vj = O. 

Short-circuit output current? = Ta = 25°C 

lec Supply current 


tTypical value is at Vcc = 5 V, Ta = 25°C. 

+ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 3: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the 
function table for the desired output. 
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switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT 
tpLH Propagation delay time, low-to-high-level output from R input Reg aoe 20 30 
tpH_ Propagation delay time, high-to-low-level output from R input _ 20 
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SN75124 
TRIPLE LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 


Vcc 2.6V 


84.5 2 


PULSE 
GENERATOR 
(see Note A) 


1N3064 


IT. 30 pp 3 
—— = p { | 
e! (see Note B) 
= = = = VOL 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zo; = 50 2, PRR < 5 MHz, duty cycle = 50%. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SN75124 SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
vs 
RECEIVER INPUT VOLTAGE 


SIOAIQDOY/SAVAUG OUI] aS 


0 0.20.4060.8 1 1.221.41.61.8 2 
Vi—Input Voltage—V 


Vo—Output Voltage—V 


FIGURE 2 
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SN75124 
TRIPLE LINE RECEIVER 


TYPICAL APPLICATION DATA 


PEP et Paes ae ae 

i 
= . | 95-2 COAXIAL CABLE at oe cae haat, ee = 
& <2 SESE Fy sy ies 

; 

eg 95 0 | STROBE ee oly 
L _, _% 8875123 | | 
| 


FIGURE 3. UNBALANCED LINE COMMUNICATION USING SN75123 AND SN75124 
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SN75125, SN75127 
SEVEN-CHANNEL LINE RECEIVERS 


D2239, JANUARY 1977—REVISED SEPTEMBER 1986 


Meets IBM 360/370 I/O Specification SN75125... D, J, OR N PACKAGE 
Input Resistance . . . 7 kQ2 to 20 kQ (TOP VIEW) 

Output Compatible with TTL 
Schottky-Clamped Transistors 
Operates from Single 5-V Supply 

High Speed . . . Low Propagation Delay 


Ratio Specification for Propagation Delay 
Time, Low-to-High/High-to-Low 


Seven Channels in One 16-Pin Package SN75127.. . D. J, OR N PACKAGE 


Standard Vcc and Ground Positioning on (TOP VIEW) 
SN75127 


description 


The SN75125 and SN75127 are monolithic 
seven-channel line receivers designed to satisfy 
the requirements of the IBM System 360/370 
input/output interface specifications. Special 
low-power design and Schottky-clamped 
transistors allow for low supply-current 
requirements while maintaining fast switching 
speeds and high-current TTL outputs. 


The SN75125 and SN75127 are characterized 
for operation from O°C to 70°C. 
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logic symbolst 


SN75125 SN75127 
(1) 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publicaiton 617-12. 
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SN75125, SN75127 
SEVEN-CHANNEL LINE RECEIVERS 


schematic (each receiver) 


COMMON CIRCUITRY 
[lee bas seein et. SQLOSHEN 


ers CHANNELS 


Vcc 


12 kQ OUTPUT 
NOM 


GND | 


4/S19AUQg eUry 
3 
cP 


x | TO OTHER 
S CHANNELS 
®, CSS 
< 
< absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
aR RSEtS’ WiCSRS EA COE EER SIUISOR: 38) oo. os aces oo av ee WA ROE a Ee fe AE we SF rmtaoet ee aa eee ae pet 7¥V 
SUEDE PCDI CRS 9 88 0g SS ey: alee ion '¢ ck sie Oh ge Cd We oR Ie Noe Pees es -0.15Vto7V 
eons ahi aes i a a ead BS 950k OO a -2Vto7V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
oe a ay ae an See an ak ee a Er Ee LEE Bw Sekt eee RSE rs 950 mW 
RNR a acc tedncme eae ebo te ls. gre xln 8 Ra eS Obie «ble WR be sh goa BPE etn atepeeameennete a ately 1025 mW 
SS STS SIRES SR igh RE ae ee nr ere ee gree a ot ae LEMME Gah oo SANS E MN 1 NRE TT 1150 mW 
CSeratinas (hescals tHMReraIure TANGG—.....<5 . eee svc ds we kes wey wen town hk ne oa a ee OPC to: 76°C 
Storms carrer erase ©) oss oe cle he pe oe we ple Rak Wakes mk wk ee —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 
SN75125 and SN75127 chips are glass mounted. For these devices in the N package, use the 9.2-mW/°C curve. 
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SN75125, SN75127 
SEVEN-CHANNEL LINE RECEIVERS 


recommended operating conditions 


Supply voltage, Vcc 


High-level input voltage, Vj} 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


Vv Low-level output voltage Vec = 4.5V, VipH = 1.7V, lo_t = 16mA 


Vi = 3.11 V 


Vv High-level output voltage Veco = 4.5V, Vip = 0.7 V, IQH = -—0.4 mA 
| 


Vcc = 4.5 V, 0 V, or open, 
AV; = 0.15 V to 4.15 V 


=55V, | = —0.4 mA, 
Vegeta saa ‘cs ee 
All inputs at 0.7 V 
V =565V, 1 = 16 mA, 
CC OL 28 471 mA 
All inputs at 4 V 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+Not more than one output should be shorted at a time. 


lec Supply current 


switching characteristics, VCC = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS 
tp_H Propagation delay time, low-to-high-level output 
tpH_ Propagation delay time, high-to-low-level output 


tPLH 
tPH 


tTLH Transition time, low-to-high-level output 
tTHL Transition time, high-to-low-level output 


Line Drivers/Receivers 


25 


MIN TYP MAX | UNIT | 


RL = 4009, Cy = 50 pF, 


Ratio of propagation delay times ; 
See Figure 1 
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SN75125, SN75127 
SEVEN-CHANNEL LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


RL = 400 2 
(See Note C) 


OUTPUT 


PULSE 
GENERATOR 
(See Note A) 


Ci = 50 pF 


ae (See Note B) 


TEST CIRCUIT 


cs | | 
® | | 

| | 
Y le- tPHL->| (+ tpLH > 
z VOH 

| 
1) 
—t | 
ad OUTPUT | | 
D | —|— —— — — vo. 
S Sk es $3 ae 
THL TLH 

8. eS | 
. VOLTAGE WAVEFORMS 
=| 
” NOTES: A. The pulse generator has the following characteristics: Zoy, =~ 502, PRR < 5 MHz. 


B. C, includes probe and jig capacitance. 
C. All diodes are 1N3064 or equivalent. 


FIGURE 1 
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SN75125, SN75127 
SEVEN-CHANNEL LINE RECEIVERS 


TYPICAL CHARACTERISTICS 


VOLTAGE TRANSFER CHARACTERISTICS 


Beeee' me SUR 
ues 


Vo —Output Voltage—V 


os 


Vi—Input Voltage—V 
FIGURE 2 


INPUT CURRENT 


INPUT VOLTAGE 


/ 

A 
akeens Gees 
| Ht 
eae eee 


—Input Current—mA 


Vi—Input Voltage—V 
FIGURE 4 


Vo—Output Voltage—V 


VoL—Low-Level Output Voltage—V 


VOLTAGE TRANSFER CHARACTERISTICS 


ey 


SP £9 RO SE CERES SENOS 2. 


er ee 


Vi—Input Voltage—V 
FIGURE 3 


LOW-LEVEL OUTPUT VOLTAGE 


vs 
OUTPUT CURRENT 


lo — Output Current—mA 
FIGURE 5 


Line Drivers/Receivers ba 
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SN75125, SN75127 
SEVEN-CHANNEL LINE RECEIVERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


All seven channels 
No Load 


Icc —Supply Current—mA 


0 1 2 2 4 
Vcc—Supply Voltage—V 
FIGURE 6 
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Meets IBM 360/370 I/O Specification 
. 7 kQ to 20 kQ 
Output Compatible with TTL 


Input Resistance . . 


Schottky-Clamped Transistors 
Operates from a Single 5-Volt Supply 
High Speed. . 


Ratio Specification . . . tpLH/tTHL 


Receivers 


@® SN75128.. 
SN75129 . . 


. Active-High Strobes 
. Active-Low Strobes 


description 


The SN75128 and SN75129 are eight-channel line receivers designed to satisfy the requirements of the 
input-output interface specification for IBM 360/370. Both devices feature common strobes for each group 
of four devices. The SN751 28 has active-high strobes; the SN75129 has active-low strobes. Special low- 
power design and Schottky-diode-clamped transistors allow low supply-current requirements while 


. Low Propagation Delay 


Common Strobe for Each Group of Four 


SN75128, SN75129 
EIGHT-CHANNEL LINE RECEIVERS 


DW, J, OR N PACKAGE 
(TOP VIEW) 


111] 2S/2S* 


*S and S for SN75128 and SN75129, respectively 


maintaining fast switching speeds and high-current TTL outputs. 


The SN75128 and SN75129 are characterized for operation from O°C to 70°C. 


logic symbolst 


SN75128 


SN75129 


D2305, JANUARY 1977—REVISED SEPTEMBER 1986 


1S (1) 

ag U1) 

1A 1Y 
2A 2Y 
3A 3Y 
4A ay 
5A 5Y 
6A 6Y 
7A tf 
8A 8Y 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN75128, SN75129 
EIGHT-CHANNEL LINE RECEIVERS 


logic diagrams (positive logic) 
SN75128 SN75129 


rr. 
= 
@ 
2) 
ada 
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be | 
“ 
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or” 
@ schematic (each driver) 
©. 
; pea 
@ 
=| 
7.) 
7 Y 
; 
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| 
: GND 
es i = 
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ae he re 
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SN75128, SN75129 
EIGHT-CHANNEL LINE RECEIVERS 


RG ee AS SRA PA ECD 22 RS A NEED AS "REP ACIS AAS ID ABA ON Ai CREE AE IRE ETE AERC ASN a 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sippy VaNesos, VEC IGG. INOte Janie iets Fels lefh ee se owe we bow 0 oP sONRHae eee oe 7V 
Ria, SEND CSIC TES bee Stes a tk, 5 nhc hath ook ak 4k dow sot pe Kk WOmAEIa aN kei els OC —-0.15Vto7V 
SENS Ar es an kee tebe yl a taba oa 9 Shea be Gye 1 bah Coa oe na eR Ne re eta 7V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

BU Roy 2” "RST lp te aia siramect ce RSS 5 fs ands eR Se emir ea Mg are or aS PRR ENT gh co Seg A Er 1125 mW 
Bee ee Ss eee ie apa Sen alr oP 5 nM SOSee cy! Cit Re ada Men Be tal Ogee ee ML! a ah 1025 mW 

CNG wo te hitia tat, ate & plate ac nie alte Bathe, Co en Ee Pg Ske, ay ne care oh cls fee eee 1150 mW 
Onerating tree-biF TOMNOTAtUre: TONDO ooo io arin Boake Aino ona anes are tre Sisend ee ge O0°C to 70°C 
STURN LOTTO TI hs 6 oc a Sik SA ets Sie ace See eee a Ul see —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package....... 260 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 
SN75128 amd SN75129 chips are glass mounted. For these devices in the N package, use the 9.2-mW/°C curve. 


recommended operating conditions 


eee ae ee ee eg Re oo eee ey 
Supply voltage, Vcc 4.5 5 5.5 
r 
ge ciear aha Sie os ee FS a SRST oo ed ee a ee . 
yf 


| A 
Low-level input voltage, VIL 


High-level output current, IoH mA 


Low-level output current, [OL hoo ee 


Operating free-air temperature, Tp 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
VOH High-level output voltage Vec = 4.5V, Vip = 0.7 V, IOH = -—0.4 mA 2.4 3.1 


< 


VoL _ Low-level output voltage Vec = 4.5V, Vin =1.7V, Io, = 16 mA eee Se 
ViK Input clamp voltage | S| Vcc = 4.5V, |) = -18mA eee a eS: 
| Al Vcc = 5.5V, Vj = 3.11 V 


| High-level input current 
In " é Voc = 5.5V, Vj=27V 


= 5.5V, Vo =0 


— [Vee = 4.5 V, OV, oropen, AV) = 0.15 V to 4.15 V 
SN75128 | Vcc = 5.5 V, Strobe at 2.4 V, All A inputs at 0.7 V a: See 
SN75129 | Vcc = 5.5 V, Strobe at 0.4 V, All A inputs at 0.7 V 19 31 

Icc Supply current - mA 
SN75128 | Vcc = 5.5 V, Strobe at 2.4 V, All A inputs at 4 V 32 53 
SN75129 | Vcc = 5.5 V, Strobe at 0.4 V, All A inputs at 4 V 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ Not more than one output should be shorted at a time. 
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SN75128, SN75129 
EIGHT-CHANNEL LINE RECEIVERS 


switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER | FROM TEST CONDITIONS 


tpLH Propagation delay time, low-to-high-level output 


tpH_L Propagation delay time, high-to-low-level output 


tpLH Propagation delay time, low-to-high-level output R 400 0 
; : : i= ’ 
t Propagation delay time, high-to-low-level output 
i pagati y g p Ci = BO pF, 
a Ratio of propagation delay times See Figure 1 6.8 ..- 0.8: 13 565-03 > 3 
PHL 


tTLH Transition time, low-to-high-level output 


tTHL Transition time, high-to-low-level output 


INPUT 
£ (See Notes Vref1 Vref2 
= ouTPUuT Vcc A, D, and E) : 
; | \ 
we) Ve OV 
ay 10 ns—py | 
< ¢—pt— tPHL Le—pt— tpi 
© FROM OUTPUT i Vou 
” UNDER TEST | 
es] (See Note C) i/! 
50 pF | 
S fi iy (See Note B) =e OUTPUT | 
®. < z 
x ; ® 
© | ay mes = VOL 
7) gp — tTHL ‘TLH —-+4—>I 
LOAD CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. Input pulses are supplied by a generator having the following characteristics: Zg = 502, PRR < 5 MHz. 
B. Includes probe and jig capacitance. 
C. All diodes are 1N3064 or equivalent. 
D. The strobe inputs of SN75129 are in-phase with the output. 
E. Vref1 = 0.7 V and Vref2 = 1.7 V for testing data (A) inputs, Vref1 = Vref2 = 1.3 V for strobe inputs. 
FIGURE 1 
Ti !] 
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SN75128, SN75129 
EIGHT-CHANNEL LINE RECEIVERS 


TYPICAL CHARACTERISTICS 


VOLTAGE TRANSFER CHARACTERISTICS 
VOLTAGE TRANSFER CHARACTERISTICS FROM A INPUTS 


“5 7 
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S $ 
: ¢ e 
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” 
bes 
oT) 
ABA 2 
7) 
° 
Vi—Input Voltage—V V;—Input Voltage—V - 
FIGURE 2 FIGURE 3 G 
® 
INPUT CURRENT LOW-LEVEL OUTPUT VOLTAGE c- 
vs vs Q 
INPUT VOLTAGE OUTPUT CURRENT © 
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) 10 15 20. 
V;—Input Voltage—V io — Output Current—mA 
FIGURE 4 FIGURE 5 
i 
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P-N-P Inputs for Minimal Input Loading 
(200 nA Maximum) 


High-Speed Schottky Circuitry 


3-State Outputs for Driver and Receiver 
Party-Line (Data-Bus) Operation 

Single 5-V Supply 

Driver has 40-mA Current Sink Capability 


Designed to be Functionally Interchangeable 
with Signetics N8T26, also Called 8T26 


description 


The SN751 36 is a quadruple transceiver utilizing 
Schottky-diode-clamped transistors. Both the 
driver and receiver have three-state outputs. 
With p-n-p inputs, the input loading is 
reduced to a maximum input current of 
200 microamperes. 


The SN75136 is characterized for operation from 
OFC Ae 707k. 


FUNCTION TABLE (DRIVER) 


are hy OUTPUT 
H 
H H L 
L Z 
es OUTPUT 


H 
L 
a 


H = high level 
L = low level 
X = irrelevant 
Z = high impedance 


PRODUCTION DATA documents contain 
information current as of publication date. 
Products conform to specifications per the terms 
of Texas Instruments standar mesreaty. 
Production processing does not necessarily 
include testing of all parameters. 


Texas 


ee ae 


SN75136 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


D2291, JANUARY 1977—REVISED SEPTEMBER 1986 


D, J, OR N PACKAGE 
(TOP VIEW) 


logic symbolt 


(15) 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


logic diagram (positive logic) 


Copyright © 1986, Texas Instruments Incorporated 
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SN75136 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


¥cc —“ 
5 k2 NOM 


OUTPUT 


Drivers: Reg = 35 2 NOM 
Receivers: Reg = 70 2 NOM 


eo 
= absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

oO Supa .vonege, VOC (6e8 eote Vee. a ee ee as Fenech eh oa eae ee eee ae ¥ 
= TG) OS eat C ee eens: FARIS a ae ern cae Oe MRT re Amana Mn ae eT SAT ens 6:5 V 
_ Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

o SSCA Me thei Sa, nd IR Ck es. i sb Vor camae abe AGATA es CR UA ae oe Ree eee 950 mW 
xj PAPE ENE so, ele Sneha he oie AMR A vm GATES be a Fees ip 9 RE Le 1025 mW 
oO Se tcl,” L: SERPS Ze MC Pe EE Meir ae en eee aaa te PELE RENIN tartrate anh ae go ret 1150 mW 
. Onarating free-alr TQMpaeratire fANGO sce See ee re a as ee le eet aS °C t6:70°C 
< PECIERCIED COTM OTE hanIONe <0 5 Saray ind © eles se Wa oe Coe ace a oferd WE Pee «657C to 150°C 
@ Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 300°C 
” Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package......... 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the N package, use 
the 9.2-mW/°C curve for these devices. In the J package, SN75136 chips are glass mounted, and use the 8.25 mW/°C curve. 


recommended operating conditions 


Supply voltage, Vcc 


High-level input voltage, Viy B, D, DE, RE 
Low-level input voltage, Vj, B, D, DE, RE 


Receiver, R 
Driver, B 


Receiver, R 


Operating free-air temperature, Ta 


4s 
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SN75136 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended operating free-air temperature and supply voltage range 
(unless otherwise noted) | 


PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT 
Vik Input clamp voltage B,D,DE,RE|l; = —5 mA 


ViH = Vit = 0.85 V, IoH = -—10mA 20-3 321 
L 


2V 
VOH_ High-level output voltage -— 
=0.85V, I9oH = -2mA 2.6 rae 
Voss. Lawedewal oui Gottene. © Leecars eae tee Be Senate As OF 
oe ; ee 
Vin = 2V, Vit = 0.85 V, Io, = 16 mA Bd gig oe ee 


: Off-state (high-impedance DE at0.85V, REat2V, Vo =2.6V = 
OZ mM 
state) output current 


RE at 2 V, Vo = 0.5V 
lH = High-level input current V; = 5.25 V 
li, Low-level input current B,D,DE,RE| Vj = 0.4 V pA 


— 50 - 150 
los. Short-circuit output current? -— Vcc = 5.25 V 30 75 


PARAMETER 
tpLH Propagation delay time, low-to-high-level output 
. . Cy = 30 pF, See Figure 1 
tpH_ Propagation delay time, high-to-low-level output 


t Propagation delay time, low-to-high-level output 11 20 
PL -Creneoet ie g P Ci = 300 pF,See Figure 2 
tpHt_ Propagation delay time, high-to-low-level output 16 24 


t Output disable time from low level 16 24 
coe : - Ci = 30 pF, See Figure 3 

tpz_ Output enable time to low level 

t Output disable time from low level 

oe : . - Cy = 300 pF,See Figure 4 

tpz_ Output enable time to low level 


TAII typical values are at Ta = 25°C and Vcc = 5 V. 
tOnly one output should be shorted to ground at a time, and duration of the short circuit should not exceed one second. 
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SN75136 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 
Vcc 


2.6V 


920 


PULSE CIRCUIT (see Note D) 


GENERATOR UNDER 
(see Note A) TEST 
(see Note B) C.. = 30 pF 
(see Note C) 
GND 
TEST CIRCUIT = 
<5 <5 
1 testy SR Pees aay 
input | gl \ 
IF15V 15 V%! 
10% | 10% 
es ' ' ov 
> ke——9F tpHL tpLH 4+¢——_*1 
@ VOH 
0 OUTPUT 1.5V 1.5V 
< —--— Vor 
© VOLTAGE WAVEFORMS 
> FIGURE 1. PROPAGATION DELAY TIMES FROM BUS TO RECEIVER OUTPUT 
5 
2.6V 
@. 2.6V Vcc 
. 30 2 
= 
~” 
CIRCUIT (see Note D) 
UNDER 
TEST 


GENERATOR (see Note C) 


(see Note A) 


TEST CIRCUIT 
—P ;@— <5ns —m —<5ns sa 
90% 90% 
wes if15V 15V 
i i. 10% 
Ov 
—9+ tpHL tPLH +¢—_»| 
\ 
| VOH 
OUTPUT 1.5V 15V 
Se AOL. 


VOLTAGE WAVEFORMS 
FIGURE 2. PROPAGATION DELAY TIMES FROM DRIVER INPUT TO BUS 


NOTES: A. The pulse generator in Figures 1 and 2 has the following characteristics: PRR = 10 MHz, duty cycle = 50%, Zout = 502. 
B. All inputs and outputs not shown are open. 
C. Cy includes probe and jig capacitance. 
D. All diodes are 1N916 or 1N3064. 
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: SN75136 
QUADRUPLE BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 
 2.6V Vcc 


B (all) 


CIRCUIT 2.4k2 240 2 


PULSE UNDER 
GENERATOR TEST 
(see Note A) (see Note B) 


5k (see Note D) 
(Probe) rae sds 
(see Note C) 

_ INPUT 
7) 
| o 

tPL2 
¥ E 
i 
OUTPUT iS 15V 9 
10% cc 
— 
VOLTAGE WAVEFORMS ” 
FIGURE 3. RECEIVER ENABLE AND DISABLE TIMES g 
"= 
VGC 5 V oe 
2.6V ® 
.— 
unui 
D (all) CIRCUIT 702 
UNDER 
PULSE EER R (all) 
GENERATOR (see Note B) OPEN 
(see Note D) 


(see Note A) GND 5k2 


(Probe) 


C,. = 300 pF 
(see Note C) 


INPUT 


OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 


NOTES: A. The pulse generator in Figures 3 and 4 has the following characteristics: PRR = 5 MHz, duty cycle = 50%, Zoyz = 50 2. 
B. All inputs and outputs not shown are open. 
C. Cy includes probe and jig capacitance. 
D. All diodes are 1N916 or 1N3064. 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 


D1i663, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


Single 5-V Supply SN55138 .. . J PACKAGE 

SN75138 .. . D, J, OR N PACKAGE 
High-Input-lmpedance, High-Threshold (TOP VIEW) 
Receivers 


Common Driver Strobe 


TTL-Compatible Driver and Strobe Inputs 
with Clamp Diodes 


High-Speed Operation 
100-mA Open-Collector Driver Outputs 


Four Independent Channels 


SN55138 .. . FK PACKAGE 
(TOP VIEW) 


description a 


oO 2 O 
The SN55138 and SN75138 quad bus 
transceivers are designed for two-way data +254 
communication over single-ended transmission IR[ 4 
lines. Each of the four identical channels consists 1DU 5 17 4D 
of a driver with TTL inputs and a receiver with NC{J6 16[]NC 
a TTL output. The driver output is of the open- 2D{) 7 15S 
collector type, and is designed to handle loads 2R{J 8 
of up to 100 milliamperes (50 ohms to 5 volts). 9 
The receiver input is internally connected to the 
driver output, and has a high impedance to ot 
minimize loading of the transmission line. 
Because of the high driver-output current and the NC —No internal connection 
high receiver-input impedance, a very large 
number (typically hundreds) of transceivers may FUNCTION TABLE FUNCTION TABLE 
be connected to a single data bus. (TRANSMITTING) (RECEIVING) 


The receiver design also features a threshold of INPUTS OUTPUT 
2.3 volts (typical), providing a wider noise 


Spore 
margin than would be possible with a receiver ieee & 
having the usual TTL threshold. A strobe turns 
off all drivers (high impedance) but does not 
affect receiver operation. These circuits are 
designed for operation from a single five-volt logic symboit 
supply and include a provision to minimize 
loading of the data bus when the power-supply s 
voltage is zero. 


TTL-Compatible Receiver Output 


10 111213 


ae 6 oe FS ees ee 
qo ac 
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H = high level, L = low level, X = irrelevant 


(12) pn 


The SN55138 is characterized for operation over a ve 
the full military temperature range of — 55°C to 2 ae 
125°C; the SN75138 is characterized for me 
operation from O°C to 70°C. a en 
3R 
4D 4B 


4k 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. IN STRUMENTS 4-181 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 


logic diagram (positive logic) 


S (12) a> 


> if wa ‘e- 
aR (3) <b 


(2) 1B 


ma (7) OB 
pee tee 
6 
an  « 
samy (9) 3B 
(10) 
3R at - 
aa (15) 4B 
io a: Xd 


Js 
| 
@ (14) 
4R cs © 
Oo 
< Pin numbers showns are for D, J, and N packages. 
® 
7) schematics of inputs and outputs 
— 
a 
@ EQUIVALENT OF EACH EQUIVALENT OF TYPICAL OF ALL TYPICAL OF ALL 
F STROBE AND DRIVER INPUT EACH RECEIVER INPUT DRIVER OUTPUTS RECEIVER OUTPUTS 
= Vcc = Vcc Vcc 
ms 4k NOM 130 2 NOM 
2k. NOM OUTPUT 
OUTPUT 
TEXAS a3 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous total dissipation at (or below) 


25°C free-air temperature (see Note 2) 


N package 


Operating free-air temperature range — 55 to 125 
Storage temperature range —65 to 150 }-65to 150 | °C | 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 
Case temperature for 60 seconds: FK package 


NOTES: 1. All voltage values are with respect to both ground terminals connected together. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 
SN55138 chips are alloy mounted and SN75138 chips are glass mounted. In the N package, use the 9.2-mW/°C curve for 
these devices. 


recommended operating conditions 


[__SN55138 | _SN75138 
[MIN NOM MAX_ pes 


Supply voltage, Vcc 45S 6. 654762 be ee 


3 ppeivet oe iebe = Pe ee ee eee 
vente eee led 5 


r 


Sey aes pe 3 | Driver output sd output Sr eee 100 png the i A 
-level ou current, : m 
Operating free-air temperature, Ta -55 125 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


MIN TYP? MIN TYP? MAX 
Input cl 
voltage : 
High-level V = MIN, V = 2V, 
VOH er Receiver ce HS) 2.4 V 
output voltage Vit(R) = Vit max, !OH = —400 pA 
Vcc MIN, V aS 

Driver Ge Res ene 0.45 

Low-level Vitis) = 0-8 V, lot = 100 mA 


3:5 
Input current at 
maximum input | Driver or strobe | Vcc = MAX, Vi = Vcc 1} mA 
voltage 
A 
6° 306) 
—1 
1.1 


Veo = MAX, Vi =2.4V 


High-level 
Vcc = 5 V., VR) = 4.5 V, 
input current Receiver 

Vi(S) = 2 V 


Voc = MAX, Vp=O04V 6 


sagas eels 


Low-level $ gt : ee 
input current Receiver CC = ' Rk) = ¥: ' 
Viis) = 2V 
Input current : 
; Receiver Vcc = 0, Vv; = 4.5 V 1.5 mA 
with power off 


All driver Voc = MAX, Vip) = 2V, 
outputs low Vis) = 0.8 V 


| Suppl t V = MAX, V = 3.5 V, 
eee eee | All diver ce i 
; Vis) = 2, 
outputs high . 
Receiver outputs open 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. Parenthetical letters 
D, R, and S used with V; refer to the driver input, receiver input, and strobe input, respectively. 

+All typical values are at Vcc = 5 V, Ta = 25°C. 

§Not more than one output should be shorted at a time. 


2:4°- 3,5 
Vv 
we output voltage ; Vcc = MIN, ViH(R) = VIH min, 
Receiver 0.4 0.4 
VIH(S) = 2 V. lo. = 16 mA 
25 300 
— 50 
1 1.5 
- 20 
42 55 


switching characteristics, Vcc = 5 V, TA = 25°C 


Ci = 50 pF, 
See Figure 1 


RL = 50Q, 


t 

Sioa? pacer 
t 

Strobe Driver 
t 

Receiver Receiver 


"tPLH 
tPHL 


Cy = 15 pF, 
See Figure 2 


Ri = 400 Q, 


propagation delay time, low-to-high-level output 
propagation delay time, high-to-low-level output 


ih i 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


y TEST 
= POINT Vcc 
Rt 
FROM OUTPUT TEST FROM OUTPUT 
UNDER TEST POINT UNDER TEST 
Cr cr (See Note C) 
= (See Note B) + (See Note B) 


DRIVER 


INPUT 4V 
(See Note D) RECEIVER 
STROBE 2 tia 
INPUT | oF Sea ae 
he > tPLH 
| \¢——pl- tPHL 
| ane, seen’ 
DRIVER RECEIVER 
OUTPUT OUTPUT 15V 
VOL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
FIGURE 1. PROPAGATION DELAY TIMES FIGURE 2. PROPAGATION DELAY TIMES 
FROM DATA AND STROBE INPUTS FROM RECEIVER INPUT 


NOTES: A. Input pulses are supplied by generators having the following characteristics: ty = 100ns, PRR < 1 MHz, t, <10ns, t¢ <10 ns, 
Zout = 50 2. 
B. Cy, includes probe and jig capacitance. 
C. All diodes are 1N916 or 1N3064. 
D. When testing driver input (solid line) strobe must be low; when testing strobe input (dashed line) driver input must be high. 
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SN55138, SN75138 


QUADRUPLE BUS TRANSCEIVERS 


DRIVER TRANSFER CHARACTERISTICS 


TYPICAL CHARACTERISTICS T 


DRIVER TRANSFER CHARACTERISTICS 


Vi(s) =0.8 V 
Ta =25°C 


STROBE-TO-DRIVER OUTPUT 
TRANSFER CHARACTERISTICS 


7 ig j Load = 50 2 to Vcc 7 
$ ‘a Ss S 
i i 3 
6 3 fs) 3 
=~ |Ta=125°C = 
$ $ 4 
<= Ta = -55°C £ = 
i? : : 
o 
> 4 £ $ 
aac teeee wi 
x a Load = 50 2 to Vcc 
0 2 3 4 
Vi(pD)—Driver Input Voltage—V Vi(p)—Driver Input Voltage—V Vi(s)—Strobe Input Voltage—V 
FIGURE 3 FIGURE 4 FIGURE 5 
sed 
amo 
z STROBE-TO-DRIVER OUTPUT 
TRANSFER CHARACTERISTICS RECEIVER TRANSFER CHARACTERISTICS RECEIVER TRANSFER CHARACTERISTICS 
4 TT vce=s8v [| : 
eapen 
< > [Pe ae 7 
oj i i 
a 3 S ; 
Dm § g : 
@ 5 ° 3 - 
my 5 i 
an g 
1 2 P< 
< 5 = } 
o 3 5 3 
[o) = —- 
a > oa 1 S 
~” > 
0 
0 Sa ee ou 
Vi(s)—Strobe Input Voltage—V Vi(R)—Receiver input Voltage—V Vi(R)—Receiver Input Voltage—V 
FIGURE 6 FIGURE 7 FIGURE 8 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs vs 
OUTPUT CURRENT (RECEIVER) OUTPUT CURRENT (RECEIVER) OUTPUT CURRENT (RECEIVER) 
5 5 
ee 
Vi(R) = 9- ! 
ee a is ‘i : 
3 SSS e Se $ s 
i ee 4 
é 3 N £ 3 2 
rs) 3 6 
: ? : 
: - : 
in S a 
=. 4 ae x] & 
= 
é 5 | [vers K TT 3 
0 : bE Se 
0 &. -.10°--1&. 20 = 30 35 40 10-=16--M- - 26 DBD . B- 0 10 20 30 40 50 60 
IOH(R)—High-Level Output Current—mA Ais Bk Level Output Current—mA 1OL(R)—Low-Level Output Currnet—mA 
FIGURE 9 FIGURE 10 FIGURE 11 
TData for temperatures below 0°C and above 70°C is applicable to SN55138 circuits only. 
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$SN55138, SN75138 


QUADRUPLE BUS TRANSCEIVERS 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT (DRIVER OUTPUT) 


2 
tt Le 
bi 


- 
Nn 


Vcc = 4.5 V 
Vi(D) = 2V 
=0.8V 


~ 
o 
< 

= 

= 


VoL(D)—Low-Level Output Voltage—V 
o 
a 


IOL(D)—Low-Level Output Current—mA 


FIGURE 12 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 
(ALL DRIVER OUTPUTS LOW) 


Icc—Supply Current—mA 


Vcoc—SupplyVoltage—V 


FIGURE 15 


PROPAGATION DELAY TIMES 
vs 
SUPPLY VOLTAGE 


Driver load: Cy = 50 pF, Ry = 50 2, See Figure 1 
Receiver load: Cy = 15 pF, Ry 400 2, See Figure 2 


Ta = 25°C 


ae ead 
minowar ated PLH(S-D) |_| 


Z ERREEECCOe 


SeEESEb id 
bs Tf auer| | 


Propagation Delay Times—ns 


0 : 
45 46474849 5 51525354 55 


TYPICAL CHARACTERISTICSt 


1}(R)—Receiver input Current—mA 


icc—Supply Current—mA 


Propagation Delay Times—ns 


RECEIVER INPUT CURRENT 
vs 

RECEIVER INPUT VOLTAGE 

Vcc =5V 

Vi(s) =2V 


Ta = 25°C, -55°C 


ee 
0 — “ 

0 1 2 3 4 5 6 
Vi(R)—Receiver Input Voltage—V 


FIGURE 13 


SUPPLY CURRENT 
vs 


SUPPLY VOLTAGE 


Ta=25C 
Vi(s) = 0.8 V 


Driver loads = 1kQ to5 V 


o.-1 2 3 4 5 6 7 8 
Vcoc—SupplyVoltage—V 


FIGURE 16 


DRIVER PROPAGATION DELAY TIMES 
vs 
LOAD CAPACITANCE 


Vec=5V 
Ri = 50 2), See Figure 1 
Ta =25°C 


0 
0 20 40 60 80 100 120 140 160 180 200 


11(R)—Receiver Input Current—mA 


Propagation Delay Times—ns 


Propagation Delay Times—ns 


RECEIVER INPUT CURRENT 
vs 
RECEIVER INPUT VOLTAGE 


Vi(R)—Receiver Input Voltage—V 


FIGURE 14 


PROPAGATION DELAY TIMES 
vs 


FREE-AIR TEMPERATURE 


Voc =5V 
Driver load: Cy = 50 pF, Ry = 50 2, See Figure 1 
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ter 
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0 
—60 -40-20 0 20 40 60 80 100 120 140 


Ta—Free-Air Temperature—°C 


FIGURE 17 


RECEIVER PROPAGATION DELAY TIMES 
vs 
LOAD CAPACITANCE 


0 10 20 30 40 50 60 70 80 
Vcec—Supply Voltage—V Cyi—Load Capacitance—pF C_.—Load Capacitance—pF 
FIGURE 18 FIGURE 19 FIGURE 20 
tData for temperatures below O°C and above 70°C is applicable to SN55138 circuits only. 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 


TYPICAL APPLICATION DATA 


50 ft Belden #8795 
100-2 Telephone Cable 


TYPICAL VOLTAGE WAVEFORMS 
FIGURE 21. POINT-TO-POINT COMMUNICATION OVER 50 FEET OF TWISTED PAIR AT 5 MHz 


SIBAIQDOY/SJBAUG SUIT aS 


5V 5V 
100 2 100 Q2 
Sarees  e peduatae tg 
® | aa — | [+ ef 100 tr —o}>— 100 ft —>f———— 250 ft Ir. 
| as | Les l 
$- lz ~ | Ld +@ 
Belden #8795 | 
{1 /4 SN55138 | Telephone Cable |_ 1/4 SN55138 8 | 


© © or equivalent 


TYPICAL VOLTAGE WAVEFORMS 
FIGURE 22. PARTY-LINE COMMUNICATION ON 500 FEET OF TWISTED PAIR AT 1 MHz 
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SN55138, SN75138 
QUADRUPLE BUS TRANSCEIVERS 


TYPICAL APPLICATION DATA 


1000 ft RG-53 


or equivalent 


| ©) © 
[1/4 S55 138 | [1/4 Su55128 | 
3V ee 
@) ———— — nr ——— Vy © — —_— — — — AV 
— — OV — sox aa 2V 


TYPICAL VOLTAGE WAVEFORMS 
FIGURE 23. POINT-TO-POINT COMMUNICATION OVER 1000 FEET OF COAX AT 1 MHz 
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Single 5-V Supply 
+100 mV Sensitivity 


For Application As: 
Single-Ended Line Receiver 
Gated Oscillator 
Level Comparator 


Adjustable Reference Voltage 
TTL Outputs 
TTL-Compatible Strobe 


Designed for Party-Line 
(Data-Bus) Applications 


Common Reference Pin 
Common Strobe 


‘141 Has Diode-Protected 
Input Stage for Power-Off 
Condition 


description 


Each of these devices consists of a dual 
single-ended line receiver with TTL-compatible 
strobes and outputs. The reference voltage 
(switching threshold) is applied externally and 
can be adjusted from 1.5 volts to 3.5 volts, 
making it possible to optimize noise immunity for 
a given system design. Due to their low input 
current (less than 100 microamperes), they are 
ideally suited for party-line (bus-organized) 
systems. 


The ‘140 has a common reference voltage pin 
and a common strobe. The ‘141 is the same as 
the ‘140 except that the input stage is diode 
protected. 


The SN75140 and SN75141 are characterized 
for operation from O°C to 70°C. 


SN75140, SN75141 
DUAL LINE RECEIVERS 


D2155, JANUARY 1977—REVISED OCTOBER 1986 


D, JG, OR P PACKAGE 
(TOP VIEW) 


10UT(J1 U sf] Vcc 
COMSTRB []2 7[] 20UT 

1LINE (]3 6 |] COMREF 

GND []4 5], ] 2LINE 


logic symbolt 


COMSTRB 
1LINE ore 

COMREF 
2LINE 20UT 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


logic diagram (positive logic) 


(2) 


COMSTRB 
1LINE 


COMREF 


10UT 


20UT 
2LINE 
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FUNCTION TABLE 


(EACH RECEIVER) 


LINE INPUT STROBE | OUTPUT 


Vref + 100mv |X L 
X H L 


H =high level, L=low level, X =irrelevant 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN75140, SN75141 
DUAL LINE RECEIVERS 


schematic (each receiver) 


Vee 
TO OTHER 
LINE RECEIVER 


4000 130 


LINE 
INPUT (L) 


COM REF 


470 


OUTPUT 


TO OTHER 


LINE RECEIVER GND 


TO OTHER LINE RECEIVER 


LEGEND: 
rt +HH+H++' 140 device only COMMON 
> Resistor values shown are nominal and in ohms. STROBE 
@ 
Uv absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
en ioe 
= 
” Supply voltage, Vcc (see Note 1) 
~ - 
xD Reference input voltage, Vref Re Ss ae 
4 Line input voltage with respect to ground 
© Line input voltage with respect to Vref 
<' | Strobe input voltage Fee as a 
$ | eee D package 
7) Continuous total dissipation at (or below) 
: IG package [925 | mw 
25°C free-air temperature (see Note 2) 
P package [7000] 
Operating free-air temperature range 
Storage temperature range ] —65 to 150 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ere eee Se 


NOTES: 1. Unless otherwise specified, voltage values are with respect to network terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, these 
chips are glass mounted. For SN75140 and SN75141 devices in the P package, use the 8.0-mW/°C curve. 


recommended operating conditions 


Me ee eS ee 
Seyi eee 


: 
Low-level strobe input voltage, Vj,(s) 
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SN75140, SN75141 
DUAL LINE RECEIVERS 


electrical characteristics over recommended operating free-air temperature range, VCC = 5 V + 10%, 
Vref = 1.5 V to 3.5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
ViK(S) | Strobe input clamp voltage Wis) = —12 mA 


Vv = Vref — 100 mV, V 0.8 V, 
VOH High-level output voltage et) rat - IL(S} ~ 
IoOH = —400 pA 


VIH(L) = Vref + 100 mV, Vitis) = 0.8 V, 


lo. = 16 mA 
VIL(L) = Vref — 100 mV, Vins) = 2 V, 


VOL Low-level output voltage 


lo. = 16 mA 


Strobe input current 


IS) at maximum 
input voltage 


Vis) = 0.4 V 


High-level 


input current 


| Com strb | strb 


— —— Vil) = 1.5 V, Vref = OV 


Com ref 


Short-circuit output current? Vec = 5.5 V ae 
aa Supply current, output high Vus) = OV, Vit) = Vref — 100 mV ae Se ES. 
IccL. Supply current, output low Vis) = OV, V(t) = Vref + 100 mv 20: 98 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
t Only one output should be shorted at a time. 


Low-level 


input current 


” 
he 
o 
ba 
o 
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c 
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ol 


switching characteristics, VCC = 5 V, Vref = 2.5 V, TA = 25°C 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


Propagation delay time, low-to- 
high-level output from line input 


tPLH(L) 


Propagation delay time, high-to- 


tPHLIL) 


low-level output from line input 


Ci = 15 pF, R_ = 400 Q, See Figure 1 


Propagation delay time, low-to- 


t 
PLH(S) high-level output from strobe input 


Propagation delay time, high-to- 
low-level output from strobe input 


tPHL(S) 
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SN75140, SN75141 
DUAL LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


il as [— —> je-<10 ns 


Vv 
2.5 V ce. SeutTrur | Be Eo GR RE RTE Eat oD 27V 
LINE 
INPUT 7"> © 
R, = 400 2 
LINE (See Note D) | 
INPUT | 
STROBE | 
INPUT 
(See NOTE B) / — ——_J- z ht pes 
= Be is 4. INPUT | 
CL = 15 pF | l 
le —_>) —>| fe tpuiis) 
t 
(See Note C) - PHL(L) = J PLHIL) fr —> —tpLHis) 
| VOH 
TEST CIRCUIT OUTPUT 1.5 V 1.5V 1.5V 1.5V 
pee Oe 


= VOLTAGE WAVEFORMS 
@ NOTES: A. Input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle <50%, Zout = 502. 
w) B. Unused strobes are to be grounded. 

=. C. Cy, includes probe and jig capacitance. 

= D. All diodes are 1N3064. 

o FIGURE 1 

~~ 

PS) 

@ 

©} 

S. TYPICAL CHARACTERISTICS 

@ 

w OUTPUT VOLTAGE 


vs 
LINE INPUT VOLTAGE 


4 
Vcc = 5V 
Vref = 2.5 V 
Viis) = 0 

3 Ta = 25°C 


Vo—Output Voltage—V 
N 


Peere. 
1 2 


Vi(L)—Line Input Voltage —V 


0 


FIGURE 2 
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SN75140, SN75141 
DUAL LINE RECEIVERS 
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TYPICAL APPLICATION DATA 


line receiver 


STROBE 


ANY 
SERIES 54/74 


SN75140/SN75141 


SN75140/SN75141 


” 
he 
® 
2 
7) 
O 
® 
c 
a 
” 
he 
® 
= 
= 
Oo 
® 
= 
wal 


i 
b= aS qmmaTEe 4p a= GED ee 
T Although most Series 54/74 circuits have a guaranteed 2.4-V output at 400 ,A, they are typically capable of maintaining a 2.4-V 
output level under a load of 7.5 mA. 
dual bus transceiver +5V 


Voo=:2% Ry (50 to 100 2 depending 
_— ey on line impedance) 


DATA BUS 


DATA IN 
DATA IN 
STROBE 


DATA OUT 


DATA OUT 
STROBE 


l 

! 1 
! iI 
% SN75140/% SN75141 


Using this arrangement, as many as 100 transceivers can be connected to a single data bus. The adjustable reference voltage 
feature allows the noise margin to be optimized for a given system. The complete dual bus transceiver (SN75453B driver and 
SN75140 receiver) can be assembied in approximately the same space required by a single 16-pin package and only one power 
supply is required (+5 V). Data In and Data Out terminals are TTL compatible. 
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SN75140, SN75141 
DUAL LINE RECEIVERS 


TYPICAL APPLICATION DATA 


schmitt trigger 


INPUT TTL 


OUTPUT 


EXAMPLES OF TRANSFER CHARACTERISTICS 
) 4 


R1 = 6.2 kQ 
RT = 3.9 kQ 
Re = 16 kQ 


Vo— Output Voltage—V 
Vo— Output Voltage—V 


0 0.5 1 1.5 2 2.5 3 ; 
Vi—Input Voltage—V Vi—Input Voltage—V 


Slowly changing input levels from data lines, optical detectors, and other types of transducers may be converted to standard TTL 
signals with this Schmitt trigger circuit. R1, Re, and Rt may be adjusted for the desired hysteresis and trigger levels. 


4-196 TEXAS ti 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 
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TYPICAL APPLICATION DATA 


gated oscillator 


Vcc STROBE 


SN75140/ STROBE | 


—SN75141 


OUTPUT 


sl iwhe 


OSCILLATOR FREQUENCY 
vs 
RC TIME CONSTANT 


f — Frequency — MHz 


RC Time Constant— ys 
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Line Drivers/Receivers 


DUA 


Meets EIA Standards RS-422-A and 
RS-423-A 


@ Meets EIA Standards RS-232 and 
CCITT V.28 with External Components 


Meets Federal Standards 1020 and 1030 
Built-in 5-MHz Low-Pass Filter 


Operates from Single 5-V Power Supply 


Wide Common-Mode Voltage Range 


8 
High Input Impedance 1IN + (8) 


1IN —- 
21N + 
21N — 


TTL-Compatible Outputs 
8-Pin Dual-In-Line Package 


Pinout Compatible with the »A9637 and 


pA9639 T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


SN75146 
L DIFFERENTIAL LINE RECEIVER 


D2609, FEBRUARY 1986 


D, JG, OR P PACKAGE 
(TOP VIEW) 


logic symbolt 


IEC Publication 617-12. 


description 


ee logic diagram 
The SN75146 is a dual differential line receiver 


designed to meet EIA standards RS-422-A and 11N+ 


RS-423-A. The receiver is designed to have a 

constant impedance with input voltages of 11N 
+3 volts to +25 volts allowing it to meet the 
requirements of EIA standard RS-232-C and 
CCITT recommendation V.28 with the addition 
of an external bias resistor. This receiver is 


21N+ 


21IN— 


designed for low-speed operation below 
355 kilohertz, and has a built-in 5-megahertz 
low-pass filter to attenuate high-frequency 
noise. The inputs are compatible with either a 
single-ended or a differential line system and the 
outputs are TTL compatible. This device 
operates from a single 5-volt power supply and 
is supplied in both the 8-pin dual-in-line and small 
outline packages. 


The SN75146 is characterized for operation from 
0°C to 70°C. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
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SN75146 | 
DUAL DIFFERENTIAL LINE RECEIVER 


Sa iA aS RENEE YA FS VIS BD LAPEER OES St 1A ELE IA SRTEEPE TELE VL RT GID 8 REGO ALS NEE PD EL IOS, it ANT ELITE ITE SEE LEANED ALLO 
schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc 


740 2 NOM 


7.4 kQ NOM petty? 


740 2 NOM 


r. 
and 
5) 
ww) absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
=~ 
< Siry Anaia We deme OAD 15h ek kes fic ke lee bao WTAE Lee ee een -O.5Vto7V 
@ Pe NURUR EE INOS Pe RI cic) a) geese waar an Bhd ae ada. lee eS eeune hte’ adetin =a Oia Lie Su ee ae £25 V 
a Gitrecaniiighiniut wermaiaoe Nate D)icete jc. sige ree ee oe hp ns fo ee eee +25 V 
J Output voltage’ (see Note 1)... ... SG. eet ERA Ree EA Sor FT | -0.5V to 5.5 V 
i) 
re! Fe OES BV ial i, tial, ae Rd Oe I ORIEN, PREC SURI? che ys (Fee Diy NAY a See nae 50 mA 
©, Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
- S HGCEROG <a s se aa ee ee cee. opie ake oR oa Wee ee, ae ee tee ee Cee 725 mW 
w BE aR St: gl ee Mpc” ON pS enor CELE. CARMAN Limiien RAM Cte AE, HN Mew Te 825 mW 
i Ese xs ny %3 Aes Ges 8 a GRR ges Ease A wk od Pe ben Oe Rey aS 1000 mW 
Doertauna tred-ni Temperaune (ANS 235 occ dk SOR ee Hs cede ds ge ee eb ee O°C 10°70?7C 
ee renrenes ts; LCN LENSIN EMI EOITENIE W580 os ee tty sa be ran aha WS Sonor oy x dead taken Ae ae same ad - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 
NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the JG package to 528 mW at 70°C at the rate of 6.6 mW/°C, the 
D package to 464 mW at 70°C at the rate of 5.8 mW/°C, and the P package to 640 mW at 70°C at the rate of 8 mW/°C. 
The SN75146 chips are glass mounted in the JG package. 
recommended operating conditions 
0 25 
4 
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SN75146 
DUAL DIFFERENTIAL LINE RECEIVER 


electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX |UNIT 


Vig Suan ee noch tg kes tie ep a eee 
vg hatter re Tee NO ce eee 
Vip = -02V, lo = 20™mA 


Input resist See Note 5 APE tales pati! go 78 “oe ke 
if nput resistance ee NOTE O, : : 
i r Vv) = -3Vto -25V 
Voc = 0to5.5V, |v) = 10V 1.1 3.25 
I Input current mA 
See Note 6 Vj = -10V ~7.6 -3.25 


los Short-circuit output current § Vo = O, Vip = 0.2 V -—-40  ~- 76 --'100 
Icc Supply current Vip = -0.5 V, No load 35 50 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for 
threshold levels only. 
8 Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTES: 4. The expanded threshold parameter is tested with a 500-2 resistor in series with each input. 
5. rj is defined by AVj/Alj. 
6. The input not under test is grounded. 


switching characteristics, VCC = 5 V, Ta = 25°C 


PARAMETER TEST CONDITION MIN TYP MAX | UNIT 


P i lay time, low-to-high-level output 100 150 300 
tPLH ropagation delay time, low-to-high-level outpu C. = 30'pF,.. See Figure 1 Ea 


” 
be 
® 
a 
® 
Oo 
® 
c 
—~ 
2] 
he 
® 
2 
ben 
Q 
tpH_ Propagation delay time, high-to-low-level output 100 150 300 2 
pei 


PARAMETER MEASUREMENT INFORMATION 


Vcc+ OUTPUT Vcc+ 


OUTPUT 


(see Note A) 


VOL 


TEST CIRCUIT VOLTAGE WAVEFORM 


NOTES: A. Cy includes probe and jig capacitance. 
. The input pulse is supplied by a generator having the following characteristics: tr < 5 ns, ts =< 5 ns, PRR < 300 kHz, 
duty cycle = 50%. 


ee) 


FIGURE 1. TRANSITION TIMES 
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SN75146 
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TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 


1 > 
| 
5 $ 
3 Z 
| -~ 
fo} a 
| 73 
S fe) 
ie > 
= 
@ 
0 
ae 
< 
® - 100 —50 0 50 100 —100 —50 0 50 100 
a Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
» °) 
® FIGURE 2 FIGURE 3 
@, 
< 
® TYPICAL APPLICATION DATA 
” 
+12 V 
+5V 
1/2 uA9636 1/2 SN75146 
-12V 
(See Note A) 
Vv 
NOTE A: In order to meet the input-impedance and open-circuit-input voltage requirements of RS-232-C and CCITT V.28 and guarantee 
open-circuit-input failsafe operation, R and V are selected to satisfy the following equations: 
R 
V= -1.1-3.3 — volts 
rj 
Rirj) 
3kQ2 < = 7kQ 
R + fj 
FIGURE 4. RS-232-C SYSTEM APPLICATIONS 
Ti 4 
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SN75146 
DUAL DIFFERENTIAL LINE RECEIVER 


TYPICAL APPLICATION DATA 


+5 V TWISTED PAIR +5 V 


1/2 SN75146 


FIGURE 5. RS-422-A SYSTEM APPLICATIONS 
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SN55150, SN75150 
DUAL LINE DRIVERS 


D951, JANUARY 1971—REVISED SEPTEMBER 1986 


® Satisfies Requirements of EIA Standard SN55150 . . . JG PACKAGE : 
RS-232-C SN75150...D, JG, OR P PACKAGE | 
(TOP VIEW) 


® Withstands Sustained Output Short-Circuit 
to any Low-Impedance Voltage Between 
—25 V and 25 V 


@ 2 ws Max Transition Time Through the +3 
V to —3 V Transition Region Under Full 
2500-pF Load } 


; F - SN55150 .. . FK PACKAGE 
Inputs Compatible with Most TTL Families (TOP VIEW) 


Common Strobe Input 


inverting Output 


Slew Rate can be Controlled with an 
External Capacitor at the Output 


@® Standard Supply Voltages... +12 V 


description 


The SN55150 and SN75150 are monolithic dual 
line drivers designed to satisfy the requirements 
of the standard interface between data terminal 
equipment and data communication equipment 
as defined by EIA Standard RS-232-C. A rate of 


20,000 bits per second can be transmitted with NC—No internal connection 
a full 2500-pF load. Other applications are in 
data-transmission systems using relatively short logic symbolt 


single lines, in level translators, and for driving 
MOS devices. The logic input is compatible with 
most TTL families. Operation is from + 12-volt 
and —12-volt power supplies. 


The SN55150 is characterized for operation over 


a e ° 
the full military temperature range of 55 C to T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
125°C. The SN75150 is characterized for IEC Publication 617-12. 


operation from O°C to 70°C. Pin numbers shown are for D, JG, and P packages. 


logic diagram (positive logic) 


(1) 


STROBE 
(7) 
1Y 
iA (2) 
(6) 
2Y 
oA (3) 
PRODUCTION DATA documents contain information ; Copyright © 1982, Texas Instruments Incorporated 
— as of presgriegy date. ee conform to Ti ais 
specifications per the terms of Texas Instruments 
sandr’ soled . Production processing does not I EXAS 4-205 
necessarily include testing of all parameters. NSTRUM ENTS 
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SN55150, SN75150 
DUAL LINE DRIVERS 


schematic (each line driver) 


Vécs 


11 kQ iy 
INPUT 
oe 


STROBE 
S 

TO OTHER 

LINE DRIVER 
a Y 
© 

4.5 kQ 
Oo 
cota 
< 
© GND 
w 
— TO OTHER 
a LINE DRIVER 
@ 
© 
©. 
< 
@ 
= 
” 
47 2 
TO OTHER 
LINE DRIVER 
Vec= 
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SN55150, SN75150 
DUAL LINE DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


a ee ae ee ee 


Supply voltage Vcc + (see Note 1) Se ee 


Supply voltage Vcc — 


15 . ve 
Pasa ae 
rae GT ea 
DLies Gear 
ee 
ee 
o | c_| 
Te] 
Wiccan 
60 


+25 


Continuous total dissipation at (or below) 25°C 


1080 
Operating Wesar temperature range——SSSSSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCSCS HTT] OL TO 
[Storage temperature range SSSSCSCSCSCSCSCSCSSCSSC~*dé BB to 180 | 65 10 150 
260 

300 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, SN55150 
chips are alloy mounted and SN75150 chips are glass mounted. In the P package use the 8.0-mW/ °C curve for these devices. 


free-air temperature (see Note 2) 


oh 
ol 


V 
V 
V 
Vv 
W 
°C 
°C 
a 
°C 
°C 
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recommended operating conditions 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX |UNIT 


V = 10:84, &) Yoo. = —13:2.V, 
Vv High-level output voltage e+ ce 


; Vi_ = 0.8 V, RL = 3k@ to 7 ka 


OH 
V = 10.8 V, Vec— = —10.8 V, 
VOL Low-level output voltage (see Note 3) eg 2 Vv, ane 3 kO to 7 ko 
10 
High-level input current 
mA 


Low-level input current 


los Short-circuit output current? 


Supply current from Vcc +, 


ICCH + high-level output 

Ot Supply current from Vcc _, 
high-level output 

hes Supply current from Vcc +, 
low-level output 
Supply current from Vcc _, 

ICCL - 


low-level output 


T All typical values are at VeCs = 12.V. Veco’ = -12 V, Ta. = 25°C; 

+ Not more than one output should be shorted at a time. 

NOTE 3: The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 
for logic levels only, e.g., when —5 V is the maximum, the typical value is a more negative voltage. 


m1 
—_ 
@ 
s) 
x 
< 
@ 
=| 
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“— 
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7) 
©. 
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switching characteristics, Vcc + = 12 V, Vcc-— = -12 V, Ta = 25°C (see Figure 1) 


PARAMETER TEST CONDITIONS MIN 
tTLH Transition time, low-to-high-level output Cy = 2500 pF, 0.2 1.4 2 
L 


tTHL Transition time, high-to-low-level output RL = 3kQ to 7 kQ G22 “hS 2 
tTLH Transition time, low-to-high-level output Cy = 15 pF, 9 GRR eS a A 
ce aan i 


igh- L 
tTHL Transition time, high-to-iow-level output 1. = 7k2 
tPLH Propagation delay time, low-to-high-level output C; = 15 pF, 2 EE ay: ea ee 
tPHL Propagation delay time, high-to-low-level output RL = 7 kQ 
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SN55150, SN75150 
DUAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


GENERATOR 


(See Note A) Slips vt cated sila cape Ri CL 
es | (See Note B) 


OUTPUT 


| 
tTHL —>| tTLH —t+ > 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: duty cycle < 50%, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING CHARACTERISTICS 
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SN55150, SN75150 
DUAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT 
vs 
APPLIED OUTPUT VOLTAGE 


Vec+ = 12V 


Vi = 2.4V 
Vcec- = Fl 


SIO9AIQD9Y/SIBAUG UIT ES 


4 
CCA 
| 
Cee See eae 
© 
5 x at —————— Ti 
rs) - 
: TH 
& 
o 
gate OE, anes 
ae RRS eG 
le pean | pal 
-20 
—25-—-20-15-10-5 O 5 10 15 20 25 
Vo—Applied Output Voltage—V 
FIGURE 2 
TYPICAL APPLICATION DATA 
fe A eee oi 
CHANNEL 1 | | 
DATA INPUT | 
| 
STROBE 
CHANNEL 2 | 
ALL DIODES ARE—” 
1N752A 
MIL-STD-188C _ aig 
INTERFACES 
CHANNEL 2 STROBE 
CHANNEL 2 


| 
Hysteresis | °N75152 


CHANNEL 1 STROBE 
FIGURE 3. DUAL-CHANNEL SINGLE-ENDED 
INTERFACE CIRCUIT MEETING MIL-STD-188C, 
PARAGRAPH 7.2. 
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| SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


D2453, DECEMBER 1978—REVISED OCTOBER 1986 


Meets EIA Standard RS-422-A SN75151 
DW, J, OR N PACKAGE 
High-Ilmpedance Output State for Party-Line (TOP VIEW) 


Operation 


@ High Output Impedance in Power-Off 
Condition 


Low Input Current to Minimize Loading 
Single 5-V Supply 

40-mA Sink- and Source-Current Capability 
High-Speed Schottky Circuitry 


Low Power Requirements 


description $N75153 
J OR N DUAL-IN-LINE PACKAGE 


These line drivers are designed to provide (TOP VIEW) 
differential signals with high current capability 
on balanced lines. These circuits provide strobe 
and enable inputs to control ali four drivers, and 
the SN75151 provides an additional enable input 
for each driver. The output circuits have active 
pull-up and pull-down and are capable of sinking 
or sourcing 40 milliamperes. 


The SN75151 and SN75153 meet all 
requirements of EIA Standard RS-422-A and 
Federal Standard 1020. They are characterized 
for operation from O°C to 70°C. 
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FUNCTION TABLES 


SN75151 SN75153 


INPUTS OUTPUTS 


ENABLE ENABLE STROBE DATA y 2 
cc Cc S A 


INPUTS OUTPUTS 
ENABLE STROBE DATA 
S a 


x 


X 
Xx 
L 
H 


X z 
L L 
Xx i 
H H 


PRODUCTION DATA documents contain information Copyright © 1978, Texas Instruments Incorporated 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


logic symbolst 


SN75151 SN75153 
(15) 


S 
cc 
1c ay 
1A 1Z 
2c 2Y 
2A 2Z 
3C 3Y 
3A 3Z 
4C ay 
4A 4Z 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


logic diagrams (positive logic) 


SN75151 SN75153 
5 (15) S (12) 
(5) 
cc 
‘ae aaa Fae 
1C 
sa -! RRS ° (3) 42 
ac 8) 1) 
on 2! cpa Fhe See 
(a 1) 
3C 
wae ee as 
ao eure Bite ea” 
aRanaias WE 
Bae Siew 
“a (19) m (17) 42 
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| — §N75151, SN75153) 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS — 


schematic 


STROBE S 
TO THREE COMMON TO ONE 


OTHER DRIVERS INPUT A one CHANNEL 


OUTPUT Y al Pl ie OUTPUT Z 
= Ge a 


COMMON : 
ENABLE 
acre. 


TO THREE 
OTHER DRIVERS 


Rae ce cee ee ee ee 


cr-o- 


All resistor values shown are nominal. 


Line Drivers/Receivers 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunery VOorege, VOC I6GeiNGte Tis rds ee WK ab ob ew es ae be el a OE 7V 
RS a Ie ae SARS Sore” Pion are i nN Soe Weare vereee Oo) pee ee ee Gee a ee: ae 5.5: V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

Errante 86 no? sidan ice a ee ae Ree ek a acs en BY eM at ee oe eee be eee 1125 mW 

ai NON oe Pic bss Age whe 2k hx eee a i Ee i WR eb. 6 6 ered a vga ach “view Om aad 1025 mW 

ES OR a re Pps Be Cage ree a) Pg” hr Ree Ome per rey ee ma Pa op 1150 mW 
Operating free-air Temperature 1ANGG-.- 8 5 6 hee eco wk dee beg ws & weg ope © mle © was wee 0°C to 70°C 
Spey Sur Neh MME PNESUAIT ENING TUNER gears ae oa Alc gets BP ATE wa ae Sp So se RBS ow ee ES —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package....... 260°C 


NOTES: 1. All voltage values, except differential output voltage Vop, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the DW package at the rate of 9 mW/°C, the J package at the rate 
of 8.2 mW/°C, and the N package at the rate of 9.2 mW/°C. In the J package, the chips are glass mounted. 
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SIDAIBIS 


SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


recommended operating conditions 


Pree 
Preroumtaeto: 0 2. ee a 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


a con ; 
nput clamp voltage 
ik F i pide ) = -12 mA All others <0 hs 
Vit = MAX, V 
Vcc = MIN, Vit = MAX, 
VOL Low-level output voltage 0.5 
ViIH = 2V, lo. = 40 mA 
| 


\Vop1!| Differential output voltage Vcc = MAX, lo = 0 3.4 2Vop2 
\Vop2! Differential output voltage Vcc = MIN 


Change in magnitude of 
A\Vop! § Vcc = MIN 
differential output voltage 
§ Vcc = MAX 
Voc Common-mode output voltage Vcc = MIN 
Change in magnitude of 
A|Voc| a ‘ § Vcc = MIN or MAX 
common-mode output voltage 


Off-state (high-impedance- Vcc = MAX, 
state) output current Enable at 0.8 V 


VOH High-level output voltage 


RL = 1009, 
See Figure 1 


Input current at 
I . : Vv; = 5.5 V mA 
maximum input voltage 
: Sak ated Vcc = MAX, C('151), A a 
igh-level input curren 


Low-level input current FCC. 3 EN ek Se A 
ow-level input curren mY 

2 : Vj = 0.4 V Ree ree eee 

los Short-circuit output current # Vcc = MAX —50. —90 —150 


Vcc = MAX, Outputs disabled 30 60 
| iS) | t (both d A 
cc Sheet SUIERE OS eee : No load Outputs enabled 60 80 bi 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ All typical values are at Ta = 25°C and Vcc = 5 V except for Voc, for which Vcc is as stated under test conditions. 

8 A!Vop| and A|Vgc| are the changes in magnitudes of Vgp and Voc, respectively, that occur when the input is changed from a high 
level to a low level. 

{In EIA Standard RS-422-A, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 

#Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


switching characteristics, Vcc = 5 V, Ta = O°C to 70°C (unless otherwise noted) 


PARAMETER 


fein Propagation delay time, low-tohighievel output [GL = 30eF, RL = 1000, SeeFigue 2, { 18 90 | ns 
Termination A Pe ae eee 
ut Peesenon caer Se ee PSI g | Sip ee ae 2, tornroum | 1 2 a 
Po ica |e 
TLH Transition time, low-to-ighievel output [| = S0eF, RL = 1000, See Figure 2 | ___12 20 | ns 
Termination A Pore tar 20 | te 
fezH Outut enable time tohighievel _———=—«CL = SO pF, AL = 600, Seo Figured a 
fiezu Output enable time to low level_______—*4( C= 30 pF, RL = 1110, Seo Figure 4 2035 | ns | 
fpHZ Output disable time from Figh fevel_____-[CL = 30, RL = 609, SeoFigued | 19 90 | ne 
fipLz Output disable time from low level______| CL = 30 pF, RL = 111 0, See Figure 4 1330 


RL = 1000, Seo Figure 2, Terminaton c] 70: | ® | 


TAIl typical values are at Ta = 25°C; 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 
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haw 
® 

2 
® 
oO 
® 

ec 

— 
7 
dew 
o 

= 
the: 

a) 
o 

& 

ae 


TEXAS 4 Aer 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


| 
} 


SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


PULSE Y OUTPUT 
GENERATOR Z OUTPUT 
(See Note A) 
50 2 
C_ = 30 pF + emcee 
(See Note B) + emcee Note B) 
7. Y 
Ry = 100 2 Ry = 100 2 
Z Z 

foo Cy = 30 pF Cy = 30 pF 
> (See Note B) (See Note B) 
1) 
iw) TERMINATION A TERMINATION B TERMINATION C 
= 
< TEST CIRCUITS 
@ 
o 
=, 
Ps e235 ns —————> 
he —» | e—< 5ns Be Gn ae 
o l ly | | | 
© | | 
=| 
dd | 


Y OUTPUT 


0% — ‘ _ 
Ie OVERSHOOT 


Z OUTPUT l 
| 
| 
—p ke—tTHL —>i  fe-tTLH 

VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyz = 5002, PRR < 10 MHz. 
B. Cy, includes probe and jig capacitance. 


FIGURE 2. tpLH. tPpHL. tTLH. tTtHL. AND OVERSHOOT FACTOR 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


INPUT -——— — 4 
ei visraee | | Cy = 30 pF 
(See Note A) 60 0 : | Sar (See Note B) 
| | 
= | | 
| : 
U OUTPUT 
= . | | om 
ob 4 mie ‘ | | RL = 600 
WS oe ca 7 1 
| 


| 
| 
| C_ = 30 pF 
| if oe (See Note B) 


5V 


OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 3. tpzH AND tpHz 


: 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
& 
Line Drivers/Receivers ES 


NOTES: A. The pulse generators have the following characteristics: Zo, = 502, PRR < 500 kHz. 
B. Cy, includes probe and jig capacitance. 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


INPUT r > ot_ se sheer 

| C, = 30 pF 

) “T (see Note B) 

| 5V 
i Ry = 1110 
| 2 

| 
i 


0 OUTPUT 


| 
® 
ES | 
| 
J L “A | 


| al (see Note B) 


OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 4. tpzz_ AND tpiz 


NOTES: A. The pulse generators have the following characteristics: Zoy, = 500, PRR < 500 kHz. 
B. Cy includes probe and jig capacitance. 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


Y OUTPUT VOLTAGE 
vs 
DATA INPUT VOLTAGE 


> 
6 
m 
be} 
) 
> 
5 
a 
5 
1 A. 
2°) 
> 
” 
oer 
® 
$ 
® 
Oo 
® 
cc 
— 
Vi—Data Input Voltage—V ” 
® 
FIGURE 5 > 
See 
Y OR Z OUTPUT VOLTAGE Y OR Z OUTPUT VOLTAGE as 
vs vs = 
ENABLE INPUT VOLTAGE ~ ENABLE INPUT VOLTAGE = 


Load = 470 2 —— Vcc = 5.5 V Load = 4702. to Vcc 
to Ground : Ta = 25°C 
See Note 3 See Note 4 
> > 
° ° 
Hy ‘ a 
3 5 
: coe nes tee ee 
en ERS 
: 
: pl Ge es 
2) 
Poy | 
V;—Enable Input Voltage—V V;—Enable Input Voltage—V 
FIGURE 6 FIGURE 7 


NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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SN75151, SN75153 


QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Vec = 5V 
See Note 3 


a6 aii a Th 


VOH— High-Level Output Voltage—V 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


Ta = 25°C 
See Note 3 


VOH—High-Level Output Voltage—V 


. 
= 
@ 
UO 
=A 0 
- 0 10 20. 30.40.50 60 70 “80 
=| 
ail -Ai t Pam | 
> : Ta—Free-Air Temperature lIoH—High-Level Output Current—mA 
© FIGURE 8 FIGURE 9 
Q é 
= LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
) vs vs 
PP FREE-AIR TEMPERATURE OUTPUT CURRENT 
0.6 
Vcc = 5V 
> lo. = 40 mA > 
‘ 0.5 See Note 4 p 
D D 
2 = 
C) ) 
> 0.4 > 
5 S 
Q Q 
s S 
Oo 0.3 oO 
g g 
“| Ss 
0.2 > 
bs S 
| | 
5 0.1 5 
> > 
0) 0 
0 10 20 30 40 50 60 70 80 0 20 40 60 80 100 120 
Ta—Free-Air Temperature loL—Low-Level Output Current—mA 
FIGURE 10 FIGURE 11 
NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z inputs. 
ij 
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SN75151, SN75153 
QUAD DIFFERENTIAL LINE DRIVERS WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 
eT ELL 
A inputs open or grounded 
<x - Outputs disabled BoGsi 
E E 
: Meee 
5 E oe 
: E Pala a? 
= a 
S = | 
i j Bike. 
| 3) 
© 1) 
$ : Blea es 
0 1 2 2 4 5 6 7 8 
Vcc—Supply Voltage—V Vcc—Supply Voltage—V 
FIGURE 12 FIGURE 13 


NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z inputs. 
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SN55152, SN75152 
DUAL LINE RECEIVERS 


D1114, AUGUST 1972—REVISED SEPTEMBER 1986 


Meets Specifications of EIA RS-232-C or SN55152 .. . J PACKAGE 
MIL-STD-188CT SN75152...D, J, OR N PACKAGE 


(TOP VIEW) 


@ Dual Differential Receiver with Independent 
Strobes 


@ Common-Mode Input Voltage 
Range... +25 V 


@ Differential Input Capability with One Input 
Grounded... +25 V 


@ Continuously Adjustable Hysteresis with 
External Resistors 


@ Standard Supply Voltages... +12 V SN55152 . . . FK PACKAGE 
and -—12 V (TOP VIEW) 


@ Input Hysteresis (Double Thresholds) 
Remain Approximately Fixed for Power 
Supply and/or Temperature Variations 


be TR 
= OD 
aks O>+>0 00 
description -IZ2>N 
The SN55152 and SN75152 are dual differential : : 
line receivers designed to meet the requirements 1STRB [J 4 18 [| 2STRB 
of EIA Standard RS-232-C or MIL-STD-188 “THYST ADJ HP 5 17 2HYST ADJ 


interfaces. A single control, HYST CONT, sets NC J}6 16[} NC 
the input hysteresis for the required operation. 1IN— 7 ISU 2IN— 
An added feature is the capability of adjusting 1RT 8 14 2R7 
the hysteresis to any voltage between +0.3 volt 
typical and +5 volts typical by means of the 
hysteresis adjust terminals, THYST ADJ and 
2HYST ADJ, making the SN55152 and 
SN75152 useful for a wide variety of line 
receiver and Schmitt trigger applications. The 
large common-mode input voltage range and 
differential input voltage (+25 volts) give the 
circuit added versatility. The SN55152 and 
SN75152 are designed for operation from 
standard +12-volt supplies with +10% 
variation. Each receiver has an output strobe that 
is TTL compatible. 


TOM 24 


ca) 
O 
2 


1IN+ [Jo 
2IN+ f] 


2) = 
S | 
G35 
> 


NC —No internal connection 


The SN55152 is characterized for operation over 
the full military temperature range of —55°C to 
125°C. The SN75152 is characterized for 
operation from O°C to 70°C. 
T To meet the specifications of EIA Standard RS-232-C, connect the hysteresis control pin, HYST CONT, to Vcc — . Also, connect termination 


resistor pin 1R7 to inverting input 1IN—, and termination resistor pin 2R7T to inverting input 2IN—. To meet the specifications of 
MIL-STD-188, leave HYST CONT, 1Rq7, and 2RT open. 


PRODUCTION DATA documents contain information i Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i} 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 4-223 
necessarily include testing of all parameters. INSTRUMENTS 
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SN55152, SN75152 
DUAL LINE RECEIVERS 


FUNCTION TABLE 
(EACH RECEIVER) 


LINE INPUT STROBE OUTPUT 


H H H 
L H L 
Xx G H 


Definition of logic levels: 


For the strobe: H (high) is any voltage between 
VIH min and Vcc. 
L (low) is any voltage between 
ground and Vj,L max. 

For the line input: H (high) is any differential input 
voltage (Vip)* more positive 
than VT~, once the level of 
VT+ has been reached. 

L (low) is any differential input 
voltage (Vip)* more negative 
than VT+, once the level of 
VT — has been reached. 

X (irrelevant) is any input voltage 
permitted by maximum ratings. 


t Differential input voltages (V7 and Vip) are at the noninverting 
input terminal IN+ with respect to the inverting input terminal 


IN-. 
logic symbol tT - logic diagram (positive logic) 
HYST (1) (3) 
1STRB 
pace HYST CONT 
1HYST ADJ 
(7) 
1IN + heii (6) > 10UT 
11N — 1Ry 0 
(5) 
1RT 10UT 11N — ° 
1HYST ADJ boy any (1) 
1STRB ain+ 22) 
21N (11) 
2RT ~ (15) 
_ sie ie o— 20UT 
2RT 20UT 13) q 
aelver ab 2HYST ADJ 
2STRB 2STRB aoe 
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 
U 
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SN55152, SN75152 
DUAL LINE RECEIVERS 


schematic (each receiver) 


STROBE OUTPUT 
(3, 14) (2, 15) 


| 
| | 
| | 
10 ka | | : 
| | 
| | 
6, 
Ry (6, 11) | 1 
13 k2 = --- 
(7, 10) ( ) INVERTING 
NONINVERTING INPUT IN — 
INPUT IN + 8 kQ 
TO OTHER 


We88 : RECEIVER 

fF Na el a ais “a 
GND 

SE 
| 
| 
| 
ak ee pee , 
| 
| 
| 
5110 | 
| 
(1) HysTenesis | 
CONTROL | 
(9) | 
tl 


n 
Yaw 
d 

i 
® 
a) 
® 

ce 

— 
2 
Sd 
o 

2 
des 

a) 
o 

— 

a 


ee Vcc 
(4, 13) psp OTHER 
Hysteresis RECEIVER 
ADJUST 


Portions of circuit within dashed lines are common to both receivers. 
Resistor values shown are nominal. 
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SN55152, SN75152 
DUAL LINE RECEIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous total dissipation at (or below) 


25°C free-air temperature (see Note 2) 


“Bb 10 126 Zs 
ae ee eee 


NOTES: 1. These voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55152 
chips are alloy mounted and SN75152 chips are glass mounted. In the N package, use the 9.2-mW/°C curve for these devices. 


| 

a recommended operating conditions 

= a 
o [MIN NOM MAX] MIN NOM MAX_| UNIT 
rd 
| Supply votage, Vec- SSCS TBC - 18D 
oe Mahi opiviage stabs Va ee 
© [Low-level input voltage at strobe, Vig) —S~—~“—~—CS—‘“—sS*~—~‘~sCSC‘“~‘<CSCS*tdYESSCSC“‘(CSC‘“‘U*C CS 
< 
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electrical characteristics over operating free-air temperature range, VCC + = 12V +10%, VCC— = —12V + 10% (unless 
otherwise noted) 


PARAMETER ie TEST CONDITIONS! Mal Tye | MAX UNIT 
FIGURE (SEE NOTE 3) 
y iat ce aman salt ‘75152 0.1 0.3 0.5 y 
- p 

+4 ositive-going threshold voltag 0.03 03 O56 
V 
V 
V 


See 
VTi. Negative-going threshold voltage Figure 8 5 
MT a Positive-going threshold voltage 3 EIA RS-232-C Conditions RS = i 3 
- - iti 
-3 -2.2 -1.5 
Vip = V max, V = 2V, 
4 and? ID T+ x \(strobe) 3 acd 6 
lIoOH = —500 pA 


iy spe Negative-going threshold voltage 
Vip = VT — min, 


lon = —500 pA 


Vip = Vr— min, V =2V, 
VoL Low-level output voltage 1 and 2 ee: (strobe) 0 015 04 
: lol = 6.4 mA 
Input current into strobe at 
l Vv =5.5V A 
, maximum strobe voltage Gm a temcan Pile: ten i fama 
ly High-level strobe current Viistrobe) = 2-4 V 90% “80 


Hie Low-level strobe current 3 Vi(strobe) = 0.4 V LS SBE = 16 P mAR 
MIL-STD-188 ER TIN PS 


ape lVip| = OVto 25V, Ry open, Ta = 25°C. 
I\Vip| = 3 V to 25 V, 
EIA RS-232-C Rt connected to inverting line input, 3 5 - 
} Ta = 25°C , 
face id ee 
Rae: Se Oe 
are ais 
en GER 


VOH High-level output voltage 
Vi(strobe) = 0-8 V, 


Input resistance 


Vi(open) Open-circuit input voltage 


los Short-circuit output current Vip =3V - 1.9 —4 
Vip = -3V. Viistrobe) = 24V | 1016 | mA | 


Vip = -3 V, Viistrobe) = 2-4 V SS ee 


Icc + Supply current from Vcc + 
icc = Supply current from Vcc — 


T Differential input voltages (V7 and Vip) are at the noninverting line input terminal with respect to the inverting line input terminal. 

+ Typical values are at Voc y+ = 12 V, Vcc— = -12V, Ta = 25°C. 

NOTE 3: The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels only, e.g., 
when —0.1 V is the maximum, the minimum limit is a more negative voltage. 


switching characteristics, VCC + = 12 V, VCC— = -12V, TA = 25°C 


TEST 
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT 


tpLH Propagation delay time, low-to-high-level output 5 Gc 1B DE TR Mie 
tpH_ Propagation delay time, high-to-low-level output L SURAT a ee." Mase tes 
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SN55152, SN75152 
DUAL LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


OPEN 
Icc+ i 


= VOH 
Vi (strobe), it t.Y if | 
Vin, VIL ¥ aif = EEE 


NOTE: Output is open for testing Icc + and Icc— 


FIGURE 1. MIL-STD-188 CONDITION 


VcC+ NCE 


HYST 
i CONT TO OTHER 
j RECEIVER 
NONINV 


i 
a 


SIOAIQDOY/SABVAUIG BUIF 3] 
| 
| 


& 
VT, VID 
v 


VOH 
VOL 
OPEN me 
Vi (strobe) 2 | 


FIGURE 2. EIA RS-232-C CONDITION 
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PARAMETER MEASUREMENT INFORMATION 


VCC+ Yoc-— 


TO OTHER 
RECEIVER 


OPEN 


OPEN 


Vi (strobe) 
FIGURE 3 
Vv iets 
sad OPEN | 
: HYST e. 
CONT TO OTHER 
4 NON- RECEIVER 


Aly OPEN OPEN = 
FIGURE 4 
Vcc+ Vcec— 
HYST 
CONT TO OTHER 


RECEIVER 


Vi(open) t sf: 


Vi(open) 
t OPEN OPEN 


FIGURE 5 
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SN55152, SN75152 
DUAL LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vv Vcec— 

| ‘OPEN “ 
r. HYST 71 
won. CONTL 2 TO OTHER 
! INV RECEIVER 
| 


los 
FIGURE 6 
CS 
ao 
® vec+ OPEN vec— 
S. | 
ae 
< cee ae eee —=_ <= SS corso ee 
@ : HYST | 
CONT TO OTHER 
a j NON- RECEIVER | 
Vv INV i 
@ INPUT 
° [ 
@. 
< OUTPUT 
© 
o 
CL = 15 pF 
= ; | ‘ (See Note B) 
— 2.4V = a 
TEST CIRCUIT 
<10ns—~ ft — ie < 10ns 
o Oe 5V 
| 90% 90% 
INPUT ae ix Ov Ov *i 
10% 
. -~5V 
tPLH + ¢—-— tPHL 
! {-== Vou 
VoL 
VOLTAGE WAVEFORMS 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 
FIGURE 7. PROPAGATION DELAY TIMES 
TEXAS ai 
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Vo — Output Voltage — V 


AVt — Threshold Voltage Variation — mV 


SN55152, SN75152 
DUAL LINE RECEIVERS 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
vs 
DIFFERENTIAL INPUT VOLTAGE 


EIA RS-232-C CONDITION 
i tone ch als ea sh ee 


RES 
MIL-STD-188 
CONDITION 
(See sae <5 


a a 25 


Vip — DIFFERENTIAL INPUT VOLTAGE—V 
FIGURE 8 


THRESHOLD VOLTAGE VARIATION 
vs 
POSITIVE SUPPLY VOLTAGE 


EIA RS-232-C CONDITION 
(See Figure 2) 


MIL-STD-188 CONDITION 
(See Figure 1) 


166. 4: Paes tee: et 13S 
Vcc + —Positive Supply Voltage — V 


FIGURE 9 
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SN55152, SN75152 — 
DUAL LINE RECEIVERS 


4-232 


TYPICAL CHARACTERISTICS 


THRESHOLD VOLTAGE VARIATION 
vs 
NEGATIVE POWER SUPPLY 


CONDITION 
(See Figure 2) 


MIL-STD-188 
CONDITION 
(See Figure 1) 


AVtT — Threshold Voltage Variation — mV 


—10.5 -—11 -—11.5 —12 -—12.5 —13 —13.5 
Vcc — —Negative Supply Voltage — V 


FIGURE 10 


THRESHOLD VOLTAGE 
vs 
HYSTERESIS ADJUST RESISTANCE 


Vt -— Threshold Voltage — V 


a Oe ee SE ee 
Raaj' — HYSTERESIS ADJUST RESISTANCE—kQ 
t Radj is connected between Hysteresis Adjust terminal and Vcc -. 


FIGURE 11 
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SN55152, SN75152 
DUAL LINE RECEIVERS 


Some typical applications of the SN55152 and SN75152 are as follows: 


Propagation Delay Time — ns 


TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


10 20 30 40 50 60 70 80 
Ta — Free-Air Temperature — °C 


FIGURE 12 


TYPICAL APPLICATIONS 


MIL-STD-188 Interface Receiver 

EIA RS-232-C Interface Receiver 
Single-Ended Line Receiver 
Differential Line Receiver 
High-Noise-iImmunity Line Receiver 
Schmitt Trigger 
High-Voltage-Logic-to-TTL Translator 
MOS-to-TTL Converter 

Pulse Generator 

Threshold Detector 


Pulse Shaper 


Line Drivers/Receivers be | 
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DUAL LINE RECEIVERS 


TYPICAL APPLICATIONS 


+12 V OPEN —12V 


MVece HYST Vcc— 
I cay. CONTA » TO OTHER 
RECEIVER 


4 
| 
| 
| 
| 


FIGURE 13. MIL-STD-188 SINGLE-ENDED LINE RECEIVER 


+12 V —12V 
CONT TO OTHER 


RECEIVER 


TTL-COMPATIBLE 
OUTPUT 


SIBAIBD9Y/SIBAUG UIT tS 


NORMAL OPERATION 


+12 V OPEN —12V 


ea: HYST 


N 
non. - CONT TO OTHER 


200 2 L SS eee ee 
OPEN STROBE 


FAIL-SAFE OPERATION 
FIGURE 14. EIA RS-232-C SINGLE-ENDED RECEIVER 
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DUAL LINE RECEIVERS 


TYPICAL APPLICATIONS 


2¥ 


HYSTERESIS 
CONTROL 
125 Q 


1/2 SN75152 


TO OTHER 
RECEIVER 


RG63B/U 
CABLE 
TTL-COMPATIBLE 

OUTPUT 


TORE isis esc | a eR Saas eo PON Cs, on ee | 
6.8 kQ ; 


FIGURE 15. SINGLE-ENDED TRANSMITTER WITH DRIVER *‘OR’’ CAPABILITY 
AND RECEIVER WITH ADJUSTABLE NOISE IMMUNITY 


12V -12V 


HYST CONT 
(OPEN) 


Line Drivers/Receivers ES 


TO OTHER 
RECEIVER 


i 

[1/2 SN75152 

TWISTED TT YST. 
PAIR ADJ 

(OPEN) 


Frequency to 0.5 MHz 
Common-Mode Voltage... —12 V to +10 V 


T The 1N4444 diodes are required only for negative common-mode protection at the driver outputs. 


FIGURE 16. BALANCED LINE OPERATION WITH HIGH COMMON-MODE-VOLTAGE CAPABILITY 


4 
TEXAS 4-235 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


fq. 
b 
Sb \ 
a Phere 
Pps Te 
aly te 
~¢ 
¥ 
>. » 
Pie ¢ 
~~ * a . 
f 7 


? 
Taha ’ 
Bakiee * 
e: 1 y . 
m vi 
cae ty | 
a) a 
4 he Ae 
Me: J 
i 
— 
Sen 
> ae 
a crt * 
on” 
ey, | 
.~ 
Pata? 
se a: : 
© 
weg 
ne: 
+ = 
i, + ra 
Ay 
" te 
aall ; 
25 
, ae 
e a 
© oct Weal 
ms 
a‘ -e ~ 
me t 
ie 2)! 
+e * 
Ue 
- 
4 
a ¥ 
=i 
rr vy 8 
me 
tie . 
e nd ~~" 
mo , ts 
Re Boy 
aa 
ae 
, i ., 
r td 
ne 
. 
<hee 
tre 
7 * 
¥et st 
x - 
v 
= a 
ys ae 4 
eee, 
Lee Be 
+-236 
y a” . 
en - = 
7. 3) Le =~ 


Law 


SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 


D899, NOVEMBER 1970—REVISED SEPTEMBER 1986 


@ Satisfies Requirements of EIA Standard SN55154 .. . J PACKAGE 
RS-232-C SN75154 ...D, J, OR N PACKAGE 
(TOP VIEW) 
@ Input Resistance ... 3 kf} to 7 kQ over Full 


RS-232-C Voltage Range 


@ Input Threshold Adjustable to Meet 
‘‘Fail-Safe’’ Requirements Without Using 
External Components 


® Built-In Hysteresis for Increased Noise 
immunity 


inverting Output Compatible with TTL 


@ Output with Active Pull-Up for Symmetrical SN55154 . . . FK PACKAGE 
Switching Speeds (TOP VIEW) 

N <_ 

@ Standard Supply Voltages...5 Vor12V eee O 0 

Oe eS 

description rier 
The SN55154 and SN75154 are monolithic 1T U4 18 |} 4T 
Low-Power Schottky line receivers designed to 1AU5 17} 1Y 
satisfy the requirements of the standard NC {J 6 16 [| NC 
interface between data terminal equipment and 2A U7 15[} 2Y 
data communication equipment as defined by 3A [J8 14] 3Y 


ie 
ed 
© 
ie 
® 
Oo 
® 
oc 
— 
” 
he 
© 
< 
tes 
a) 
® 
& 
ind 


EIA standard RS-232-C. Other applications are 9 10111213 

for relatively short, single-line, point-to-point 

data transmission and for level translators. ed = 2na£°% 
Operation is normally from a single five-volt 

supply; however, a built-in option allows NC - No internal connection 
operation from a 12-volt supply without the use "For function of R1, see schematic 


of additional components. The output is 
compatible with most TTL circuits when either 
supply voltage is used. 


In normal operation, the threshold-control terminals are connected to the VCC terminal, even if power 
is being supplied via the alternate VCc2 terminal. This provides a wide hysteresis loop, which is the 
difference between the positive-going and negative-going threshold voltages. See typical characteristics. 
In this mode of operation, if the input voltage goes to zero, the output voltage will remain at the low or 
high level as determined by the previous input. 


For fail-safe operation, the threshold-control terminals are open. This reduces the hysteresis loop by causing 
the negative-going threshold voltage to be above zero. The positive-going threshold voltage remains above 
zero as it is unaffected by the disposition of the threshold terminals. In the fail-safe mode, if the input 
voltage goes to zero or an open-circuit condition, the output will go to the high level regardless of the 
previous input condition. 


The SN55154 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The SN75154 is characterized for operation from O°C to 70°C. 


Copyright © 1985, Texas Instruments Incorporated 
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SN55154, SN75154 


- QUADRUPLE LINE RECEIVERS 


logic symbolt logic diagram 


(4) (13) 


1A 1Y 
(3) 
1T 
on (5) (12) 2Y 
(2) 
2T 
3A (6) (11) 3Y 
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and (1) 
IEC Publication 617-12. ot 
Pin numbers shown are for D, J, and N packages. ae (7) (10) al 
(14) 
4T 
rm schematic 
a | 
DO COMMON TO 4 RECEIVERS 
o Vcc2 2a a 
et (See Note 1) | | 
oO | 3.2k2 | 
= 
~” 
Sas 
> | | 
8 z | | 
2. a | 5k2 
; : : | 
o GND C | 
pet sede eae ee oo 
1 OF 4 RECEIVERS 
THRESHOLD: | | 
CONTROL 
| 5.5 kQ 5k2Q 1.6k2 1.6kQ 200 2 | 
| 9.9 ki? | 
| a : ea ee 
| 4.2k2 | 
INPUT | | 
oa cis Sain se mead mace Slee aha ile cata eek elles Chlciees, goatee Seal ct pele 
Component values shown are nominal. 
. . . Substrate 
NOTE 1: When Vcc is used, Vcc2 may be left open or shorted to Vcc1. When Vcc is used, Vcc 1 must be left open or connected 
to the threshold control pins. 
T 4 
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~ $N55154, SN75154 
QUADRUPLE LINE RECEIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Fo oe ee ke Uae i ee ge see ice Se are 1 ee eee 

Alternate supply voltage, Vcc2 pee. SSS a 

more 
pias | aired 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 3) 


[Storage temperature range SSSCSC~“~SC‘“‘“S*~*“‘“‘“~*“‘“‘“~“~*~*~*‘~*~*~*~SC*dC BB to THO |B to 150] 
[Case temperature for 60 seconds: FK package ——SSOCSC~“~*S*~“‘~*S*S~“~*~*~*SC*~‘a SSC 
[Lead temperature 1,6 mm {1/16 inch from case for 10 seconds: D or Npackegs——~—«dtSSCSCSC~*idCSC*~« ROSY 


recommended operating conditions 


High-level output current, Ioy 


NOTES: 2. Voltage values are with respect to network ground terminal. 
3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55154 
chips are alloy mounted and SN75154 chips are glass mounted. In the N package, use the 9.2-mW/°C curve for these devices. 
4. The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet 
for logic and threshold levels only, e.g., when O V is the maximum, the minimum limit is a more negative voltage. 
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SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER bist! TEST CONDITIONS Pa te MAX 
FIGURE (SEE NOTE 4) 
VT+ 


Positive-going 4 
ao ee eee 
“3 21a 0 
Vhys Hysteresis (V7 + —VT_) 
a2 
ion Howievel onpatvohage | 1 [gus 000A 
[Vou —tow:level output vote 736 


4 
3 t 
3 8 
7 
7 


threshold voltage 


Negative-going 


Input resistance 


AV; = 14 V to 25 V 
Short-circuit output current? Fee Vcci = 5.5 V, Vj = -5V -|-10 =—20 -=40 
35 


Icc1 Supply current from Vcc} Vceci = 5.5 V, Ta = 25°C sl 
Icc2 Supply current from Vcc2 Vec2 = 13.2 V,Ta = 25°C rE oe, 

TNot more than one output should be shorted at a time. 

+All typical values are at Vcc, = 5 V, Ta = 25°C. 


switching characteristics, Vcc1 = 5 V, Ta = 25°C, N = 10 


TEST 
PARAMETER TEST CONDITIONS 
FIGURE 


MIN TYP MAX | UNIT 
tpLH Propagation delay time, low-to-high-level output Be 2 SES 


tpHL Propagation delay time, high-to-low-level output 


tTLH ‘Transition time, low-to-high-level output 
tTHL 


Transition time, high-to-low-level output 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE vs INPUT VOLTAGE 


NORMAL 
OPERATION 


Vo—Output Voltage—V 
N 


V;—Input Voltage—V 


NOTE 5: For normal operation, the threshold controls are connectd to Vcc}. For fail-safe operation, the threshold controls are open. 


4-240 TEXAS ty 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 3 


d-c test circuitst 
TEST TABLE 


T 


0.8 V 
Note A| Pin 15 | 
V4 min (normal) tet OH _|° 


Note A 


ViL max, 
VT — min (normal) 
ViH min, VT + max, 


| Pin 15 
| Pin 15 
| Open _ 
VT— max (fail safe) | Open | 
Vin min, VT + max | Pin 15 | 
PPin 15 
pPin 15_| 
Pin 15 


(normal) 


OL 


NOTES: A. Momentarily apply —5 V, then 0.8 V. 
B. Momentarily apply 5 V, then ground. 


55V0O 0 13.2 V 
OPEN O OPEN 
45V 0 10.8 V 


n 
hes 
© 
a 
© 
0 
® 
ce 
1). Sa 
PD 
hn 
® 
a 
hoe 
a) 
© 
= 
a 


VUEVT 


FIGURE 1. Vip. Vic. VT+. VT—. VOH. VOL 


T Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


d-c test circuitst (continued) TEST TABLE 
5VO 12V 
OPEN © OPEN 


OPEN 


FIGURE 2. 1 
5.5V Oi =e O—— 13.2 V 
TEST TABLE 
t Vcec1 Vcc2 
OPEN (PIN 15) | (PIN 16) 
a me Shee ee | a | Open | 5.5V_ | Open | 
| Vce1. = Veco. -R1 | PiniS | | 5.5V__| Open _| 
OPEN 


| Open | Open | 13.2 
SECS a a 


V 
l(open) oe GND J 


See 


! 


FIGURE 3. Vi(open) 


5.5V 12] O———— 13.2 V 


OPEN 5.5V OPEN OPEN 


OPEN 


Each output is tested separately. All four line receivers are tested simultaneously. 


FIGURE 4. Ios FIGURE 5. Icc 


T Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SN55154, SN75154 
QUADRUPLE LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 5V OUTPUT 


Ri = 390 2 


(See Note C) 


PULSE 
GENERATOR 
(See Note A) 


| 
Pes ose 


TEST CIRCUIT 


le—ol— 10 +2ns le—p}— 10 22 ns 
| 


INPUT Ov 
—-5V 
VOH 
OUTPUT 
VoL 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyz = 502, tw = 200 ns, duty cycle < 20%. 
B. Ci includes probe and jig capacitance. 
C. All diodes are 1N3064. 


FIGURE 6. SWITCHING TIMES 
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ADVANCE SN75155 
INFORMATION LINE DRIVER AND RECEIVER 


D2951, JULY 1986 


Meets EIA Standard RS-232-C D, JG, OR P PACKAGE 


10-mA Current Limited Output (TOP VIEW) 


Wide Range of Supply 
Voltage ....Vcc = 4.5V to 15 V 


@ Low Power... 130 mW 


Built-In 5-Volt Regulator 


logic symbolt 
Response Control Provides: 9g y 


Input Threshold Shifting 
Input Noise Filtering 


Power-Off Output Resistance . . . 300 0 Typ eC 


Driver Input TTL Compatible 
RA 


description 


The SN75155 is a monolithic line driver and RTC 
receiver that is designed to satisfy the 

gh alc lia ae stavaard pierce Betwraen tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
data terminal equipment and_ data IEC Publication 617-12 

communication equipment as defined by EIA 
standard RS-232-C. A Response Control input 
is provided for the receiver. A resistor or a 
resistor and a bias voltage can be connected 


logic diagram 


between the response control input and ground Vcc - 
to provide noise filtering. The driver used is Vcc + 
similar to the SN75188. The receiver used is 

similar to the SN75189A. DA 
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The SN75155 is characterized for operation from 
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SN75155 | ADVANCE 
LINE DRIVER AND RECEIVER INFORMATION 


schematic 


2% P 
oe 
Ae iP 
“CPL le 
ie 
Be (3) Ry 


: ate ee 
te 
i) 
0 
: e 
< 
© Moe. (1) 
= 
= All resistor values shown are nominal. 
. absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
o Supply voltage, VCC + (see Note 1) ............ Sn nee LW tie al ae Oe Eee ee 15 V 
” mabe WERE) We PE LE Bogs oS, sss ca ghee etn 2 Et tee Ae ee -15V 
Seana i Wann IDOE Yo & tba Aad od eo 9M Ro ee ar ok ee eR RA =~15'V to 15 V 
oo ON iL RES SRO MIN OEE? gee A mes Rabe SR oar ocala Rigea -—30 V to 30 V 
PRAISE VGC Cena ETI bac gona ane ohs 6 oop eee a a Le ee i ee oN -15 Vto 15 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
Ce AN EE ne a aire cad Fis ae epee e's Lh A eae ae Oe Ee. wep et ES ae GE gi 725 mW 
PGP INOEIN Siete oe SON larga fae viel ide” & LEE PAC ey REE Ca hte dias Sede eee 825 mW 
Cag 2” BEER SS Seana’ ear 4 ae ehe PMROL eR S ae eae PRP Rar Ne a 8, Rae eae SA A 1000 mW 
POCAtING 11O8-Gif TOMPOrAtUNG TANGO’. «occ 6. cos Seals Fee nev se OW a eee wee es eke O°C. t6- 70°C 
mr LOruUe sermapetmhttiNer rate. 65 se Fase a ales Socom law wet bak ahd So, bee -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package............ 300°C 
ipese temperature for OO-eeconds, FR. package... ie a a ee ee ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package .......... 280°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, SN75155 chips are 
glass mounted. 


DISSIPATION DERATING TABLE 


D 


725 mW 5.8 mW/°C 
JG 825 mW 6.6 mW/°C 
P 1000 mW 8.0 mW/°C 


NOILVINYOANI JONVAGV 


43 
4-246 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADVANCE SN75155 
INFORMATION LINE DRIVER AND RECEIVER 


recommended operating conditions 


Co ERE Te cae oe 
supine Vee te a 
Suppl voliage: Vega ot ee 
par hepato Magn ee 
Hgtiag nowt via adver Vg oS 
Caan ign einen aie) eg 
eeainebaitiet og ee 
Onaterem teehee. ee 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


total device 


PARAMETERS TEST CONDITIONS MIN TYPt MAX | UNIT 


Vec+ = 5. - Veg = =5 Vi 1 Yao) = 2-V 
Vec+ =9V, Vec- = -9V. | Vur) = 2.3 V, 
Vecs = 12.V,.> ¥oecu = .-12.V, 
Vcoc+ = 5V, Vec- = -5V, 
i aoe eee eee 


Vec+ = 5V, Vec- = -5V., 


Veoq = 9 -V, , leer -9V, 


Vers © A4/V... VOCs —t2YV, 


ICCH+ High-level supply current 


Output open 


ICCL+ Low-level supply current 


ICCH-— High-level supply current 


Vcec+ = 5V, VGC <== 3.¥, 
IccL-— Low-level supply current Vcec+ =9V., Vec- = -9V, 


Vec+ = 12V, Vec- = -—12V,] Output open 


TAIl typical values are at Ta = 25°C. 
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SN75155 : ADVANCE 
LINE DRIVER AND RECEIVER INFORMATION 


electrical characteristics over recommended operating free-air temperature range, VCC + = 12 V, 
VCC-— = -—12 V (unless otherwise noted) 


driver section 


VOCS SV; Vee =a 


Ske NGCS =e, Vero =o N ; 
Voc? =12V, Vec- = WV 8. 


Vecu = V7 Veco = =8 Vv 
Veo: = 9 ¥, Veo = 9-2 V 
Veo 3 12: ¥. veo = STZ Vv 


Low-level output voltage 


OL (see Note 3) 


iH = High-level input current | Vj = 7 V pee res, Eis ae 
i,__Low-level input current =0.738_-12 


receiver section 


PARAMETER TEST CONDITIONS 
Positive-going 
VT + 
threshold voltage 
Negative-going 
= 
threshold voltage 
V; = 0.6 V, Vec+ = 5V, Voce —. = —8.V 
IOH = 10 pA Vec+ =12 VV; Voee= = S12 Vv 4.4 4.7 
Vv; = 0.6 V, Vec+ = 5V, Vec— =.78.V 3.1 3.4 


=04mA | Vcc+ =12V, Vec- = -12V 3.6 4 
lol = 24 mA 0.2 


VOH High-level output voltage 


TAIl typical values are at Ta = 25°C. | 
NOTE 3: The algebraic limit system, in which the more positive (less negative) limit is designated as maximum, is used in this data sheet 
for logic voltage levels only, e.g., if —8.8 V is the maximum, the typical value is a more negative value. 
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ADVANCE SN75155 
INFORMATION LINE DRIVER AND RECEIVER 


switching characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc— = —-5V, CL = 50 pF (unless otherwise noted) 


driver section (see Figure 2) 


PARAMETER TEST CONDITIONS MIN TYP MAX 
2 
2 


tpLH Propagation delay time, low-to-high-level output mR = Fk 50 480 
tpHL Propagation delay time high-to-low-level output * 80 150 
Ri = 3 kQ 67 480 [nee 
t Output rise ti 
AL = Sk@ io 7 KOO = 2600 oF 
RL = 3 kQ 48 16 
tf Output fall time - me. 
AL_= SKOt07 KO, CL = 2600 oF 


receiver section (see Figure 3) 


oO 


TAIl typical values are at Ta = 25°C. 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
VrV 
T Yi t ton? 
In t 
RESPONSE t or 
CONTROL Von 
IP eee ae re OR ee om Me VOL 
OPEN | 
UNLESS é Rc Rc 
OTHERWISE “ | ana cee 1 
SPECIFIED = Ve = +Ve 


tT Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 


FIGURE 1. RECEIVER SECTION TEST CIRCUIT (VT +, VT-—. VOH. VOL) 
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SN75155 ADVANCE 
LINE DRIVER AND RECEIVER INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


INPUT 1.5V 1.5V 
INPUT OUTPUT 
Ov 


| 
a 


RL = 3kQ C_ = 50 pF 


Ag (SEE NOTE A) 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. C, includes probe and jig capacitance. 
B. The input waveform is supplied by a generator with the following characteristics: Zoyz =~ 500, tw = 14s, tr < 10 ns, ts < 10ns. 


= FIGURE 2. DRIVER SECTION SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 
@ 
U OUTPUT 5V 
= (EEE Aha SRA ace SAME SPT EE te ee eRe Lee ReneMe a Sie SS TEs ANE RE ES eit 
a CONTROL Rt = 400 0 INPUT 2Vv 2Vv 
3 ae (SEE NOTE B) 7 OV 
Me PHL p+ — TPLH 
©. CL = 50 pF | | 90% J VOH 
= (SEE NOTE A) 90% NI | 
= OUTPUT 1.5V 1.5V 
” | 10% 10% f | 
Fe foro 
—pl tk rt — 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. C, includes probe and jig capacitance. 
> B. The input waveform is supplied by a generator with the following characteristics: Zoy¢ =~ 5002, tw = 14s, tr < 10 ns, tf < 10 ns. 
O FIGURE 3. RECEIVER SECTION SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS 
=a 
© 
rT 
2 
Oo 
2 
= 
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SN75155 


LINE DRIVER AND RECEIVER 


ADVANCE 
INFORMATION 


TYPICAL CHARACTERISTICS 
(DRIVER) 


OUTPUT CURRENT 


vs 
OUTPUT VOLTAGE 


VOLTAGE TRANSFER CHARACTERISTICS 


Vec+ = +12V 
BAGH 8 ES DO CE 


10 
8 


wa i 


Vec+ = +9V 
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LINE DRIVER AND RECEIVER 


SN75155 


TYPICAL CHARACTERISTICS 


(RECEIVER) 


OUTPUT VOLTAGE 


INPUT VOLTAGE 


Vv 
INPUT VOLTAGE 


rg —Input nes — Z 
FIGURE 8 


OUTPUT VOLTAGE 
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gp Line Drivers/Receivers 
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ohh —Input Voltage—V 


FIGURE 9 
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Input Threshold Voitage —V 


SN75155 


LINE DRIVER AND RECEIVER 


TYPICAL CHARACTERISTICS 
(RECEIVER) 


INPUT THRESHOLD VOLTAGE | 
vs 
FREE-AIR TEMPERATURE | 


Ta—Free-Air Temperature— °C 


Vcc+ = 12V 
Vec- = -12V 


lj—Input Current—mA 


40 


FIGURE 10 


NOISE REJECTION 


TT A TWH Ce = 1000 pF 
SME Winw\unail Cc = 500 pF 
YT TINT VT Ve NU ce = 300 pF 


[5 icc = 10 pF 
Phe | 
az 


o 


yo wo FP 
Be 
ee 


a 
i 
St PSN 
: Sth 


= 
2 tii one 
‘ z Cot 
a P| Ma | 
Pe ane OHS | OL 
10 100 1000 
tyw — Pulse Duration—ns 


FIGURE 12 


Input Threshold Voltage —V 


-10 
-25-20-15-10 -5 O 5 
Vi—Input Voltage—V 


10000 


NPUT CURRENT 
vs 
NPUT VOLTAGE 


Seale 
ha gant oa sea 
HH 


10 15 20 25 


FIGURE 11 
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Meets EIA Standards RS-422-A and 
RS-423-A 


Meets Federal Standards 1020 and 1030 
Operates from Single 5-V Power Supply 
Wide Common-Mode Voltage Range 
High Input Impedance 

TTL-Compatible Outputs 

High-Speed Schottky Circuitry 

8-Pin Dual-In-Line Package 


Similar to uA9637AC except for Corner 
Vcc and Ground Pin Positions 


description 


The SN75157 is a dual differential line receiver 
designed to meet EIA standards RS-422-A and 
RS-423-A and Federal Standards 1020 and 
1030. It utilizes Schottky circuitry and has TTL- 
compatible outputs. The inputs are compatible 
with either a single-ended or a differential-line 
system. The device operates from a single 5-volt 
power supply and is supplied in an 8-pin dual-in- 
line package and small outline package. 


The SN55157 is characterized over the full 
military temperature range of — 55°C to 125°C. 
The SN75157 is characterized for operation from 
O° ta -70°C: 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


Vcc 


~ §N55157, SN75157 
DUAL DIFFERENTIAL LINE RECEIVER 


D2300, SEPTEMBER 1980—REVISED SEPTEMBER 1986 


SN55157 . . . JG PACKAGE 
SN75157 .. . D, JG, OR P PACKAGE 


(TOP VIEW) 


logic symbolt 


(1) 


1IN+ 

10UT 
11IN— 
21N+ 

20UT 


21IN— 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


logic diagram 


(2) 10UT 
11N— (7) 
21N+ (6) 
5) (3) 20UT 
2iIN— 


TYPICAL OF ALL OUTPUTS 


Vcc 
50 2 NOM 


OUTPUT 


CURRENT 


SOURCE 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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- f, *y > . . ace 7 . -- . & P+ Pe” +e tee 6 ae a are a st mg Eo Ty, - . 
= Ls — = : fis + Py at ae is Ui See ee ite are SY Rea S| Seay 


SN55157, SN75157 
DUAL DIFFERENTIAL LINE RECEIVER 


EE Ra ie BES TS (ELON ES BE REE POE At PB SODA ER AE TIS ETRE RIT A | RORICLR LB |) EARS Mc PR BS CEE 0G i SS ey Se RAE I SE Be 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Buen VOmneGs vet tame mote Fe 6 ose ale. elie See a ee nt See Pa ees -O0.5Vto7V 

Maes MONG DINE cy ee ae ee ote ee a gk Soe ee ve ee ae a Fe PG ee ee - 15 V 

rereraritial Init: Vormom teed TIOTG 2) e562. i. Sey so ik eines, £ cc tidy Rete Sita eA ot =15-V¥ 

rere VOW BOG THOEEE TN oes cian oe ei ay Ua ae ek beech ss 0 Bog ghey Wt -0.5 V to 5.5 V 

OG VGl OUI OIG Foo ae oo oe ww 6 0 wd Me oc RU ak fe ee Be Oe ree 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

ec Ee le Te OE tent oie, PR Re ree ae ne ere ey OS EY SY pcre ah 1050 mW 

TET WaT UP ea I oa o's Pe TR Ea el ac Ocak pe ach wile Sopa’ ove beet nce SOME ee ee ae 725 mW 

eo 5 sew Sos SA paw Pv 81d Beate aa eo ORE ae ee eae 825 mW 

SIE Bon rs Cb ed aw Sica 2 nee coon Kw ben ae Be aC 5 ee 1000 mW 

Operating free-air temperature range: SN55157..... 2... ee —§6°C to 125°C 

PETERS. GF és a 5 is uel aoe ne De een O°C to. 70°C 

oe Miter be LIES Ts 2.) aaa pee SaaS ae eae ae ae Eee ye gehen tek —65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package............ 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package ......... 260°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 

2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 

3. For operation above 25 °C free-air temperature, derate the SN55157 JG package to 672 mW at 70°C at the rate of 8.4 mW/°C, 
the SN75157 JG package to 528 mW at 70°C at the rate of 6.6 mW/°C, the D package to 464 mW at 70°C at the rate 
of 5.8 mW/°C, and the P package to 640 mW at 70°C at the rate of 8.0 mW/°C. In the JG package, SN55157 chips are 
alloy mounted and SN75157 chips are glass mounted. 

recommended operating conditions 
9°) 
© 
@. 
< 
PP Operating free-air temperature, T las Ri ie 
rati ree-air rature, 
i . %: SN75157 0 28 
electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless otherwise noted) 
MIN TYPt MAX 
PARAMETER TEST CONDITIONS UNIT 
See Note 4 
V Threshold voltage (V7 4 and VT _) ue ve V 
r Vv - 
VOH _ High-level output voltage Vip = 0.2 V, lo = -1mA Pe 3.5 
VoL Low-level output voltage Vip = -0.2 V, lo = 20 mA 0.35 0.5 
Vcc = Oto 5.5V, | Vj = 10 V 1... 3.26 
I Input current mA 
See Note 6 Vi = -10V —- 1.6 -—3.25 
los Short-circuit output current? Vo = 0, Vip = 0.2 V -40 -75 -—100 
lec Supply current Vip = —0O.5 V, No load 35 50} mA 
TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
tOnly one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTES: 4. The algebraic convention, where the less-positive (more-negative) limit is designated as minimum, is used in this data sheet 
for threshold levels only. 

5. The expanded threshold parameter is tested with a 500-2 resistor in series with each input. 

6. The input not under test is grounded. 
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SN55157, SN75157. 
DUAL DIFFERENTIAL LINE RECEIVER 


switching characteristics, VCC = 5 V, TA = 25°C 


PARAMETER TEST CONDITION MIN TYP MAX | UNIT 
t Propagation delay time, low-to-high-level output eae eS 
le li ot : athe Ae ile CL = 15 pF, See Figure 1 } ea 


tpH_ Propagation delay time, high-to-low-level output \ : Sey LAB yt eu. 


PARAMETER MEASUREMENT INFORMATION 


Vec+ OUTPUT Vec+ 


INPUT 
(see Note B) 


-0.5V 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Cy, includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: tp < 5 ns, ts = 5 ns, PRR < 5 MHz, 
duty cycle = 50%. 


FIGURE 1. TRANSITION TIMES 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 


3 
cH viet a 
Pe | ieee 
3 RG) Ge | Baas 
ee a 


ry Eiioe akan RE BRESY SS Be 


- 100 —50 0 50 100 
Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 


Vo—Output Voltage—V 
Vo—Output Voltage—V 


FIGURE 2 FIGURE 3 
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VoH—High-Level Output Voltage—V 
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HIGH-LEVEL OUTPUT VOLTAGE 


vs 


HIGH-LEVEL OUTPUT CURRENT 


2s 
i pene 
in Os 
eae 


0 -10 -20 -—30 —40 
1OH—High-Level Output Current—mA 


FIGURE 4 


Icc—Supply Current—mA 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


—50 -60 -70 -80 0 5) 98 AS 20 ae 30%, 135 4-40 
loL—Low-Level Output Current—mA 


FIGURE 5 


SUPPLY CURRENT 
VS 
SUPPLY VOLTAGE 
100 
No load 
Inputs open 


0 1 2 3 4 5 6 7 8 
Vcc—Supply Voitage—V 
FIGURE 6 
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SN75157 
DUAL DIFFERENTIAL LINE RECEIVER 


TYPICAL APPLICATION DATA 


+5 V TWISTED PAIR +5 V 


1/2 SN75158 1/2 SN75157 
a 


1/2 SN75157 


FIGURE 7. RS-422-A SYSTEM APPLICATIONS 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 


D2292, JANUARY 1977—REVISED SEPTEMBER 1986 


Meets EIA Standard RS-422-A SN55158 .. . JG PACKAGE 
SN75158 ....D, JG, OR P PACKAGE 


Single 5-V Supply (TOP VIEW) 
Balanced-Line Operation 
TTL-Compatible 


High Output Impedance in Power-Off 
Condition 


High-Current Active-Pullup Outputs 
Short-Circuit Protection 


Dual Channels 


Input Clamp Diodes 


description 


The SN55158 and SN75158 are dual complementary-output line drivers designed to satisfy the 
requirements set by the EIA Standard RS-422-A interface specifications. The outputs provide 
complementary signals with high-current capability for driving balanced lines, such as twisted pair, at normal 
line impedance without high power dissipation. The output stages are TTL totem-pole outputs providing 
a high-impedance state in the power-off condition. 


The SN55158 is characterized for operation over the full military temperature range of —-55°C to 125°C. 
The SN75158 is characterized for operation from O°C to 70°C. 
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logic symbolt logic diagram (positive logic) 
(2) 
(3) 1Y 
- (1) 
1Z 
(6) 
(5) 2Y 
2A (7) 
22 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc Se Vcc 


9 2 NOM 


OUTPUT 


r 

® 

7] absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

= RONEN RSOR UMAR. NE LOE Na! Evy ck pea Fn en's wig Td GRR ed tee wd Fee ed RCI eUe ae ORT aa 7V 

@ SRSA AMOR Cos Cat oak. vcs 5k wee PAG oe ea 6 ck OO es i eA ee Co ee oe 5.5 V 

n Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

eS) SUC R sits Se ee tas 0 og PR ngs SG ee Die fh Se RI I OO 725 mW 

. JSG-DACKHOO CRUG NOUN): IO URE aig 5 et no Ae Do ae a aay» PARR gs wee eee 1050 mW 

®. He DACKRGE VOlaSe IOUT IN LO POG 6 Ss ee hes Gov: hci Ses See aa 825 mW 

= Poirier eae lk te ce Fee Gh cn eee Sn OEE Stow ne ae Re ES oes Pees 1000 mW 

PP Operating free-air temperature range: SN55158.... 2... ee eee 55°C to 125°C 

BO OBS oa 5 steko iar. ees ee ee Pe O° ta-70°C 

Storage temperature range ........... rae oe he eNews Sy Sree ees —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 200°C 


NOTES: 1. All voltage values except differential output voltage Vop are with respect to network ground terminal. Vop is at the Y output 
with respect to the Z output. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, SN55158 

chips are alloy mounted and SN75158 chips are glass mounted. In the P package, use the 8.0-mW/ °C curve for these devices. 


recommended operating conditions 


[—snesiss | —«SN75158 
UNIT 
PIN NOM MAX | MIN NOM MAX 
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25 
High-level input voltage, Vin 


Low-level output current, lo. 


Operating free-air temperature, Ta -—55 125 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 


electrical characteristics over operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


ViK Input clamp voltage Vcc = MIN, I) = -12 mA Bee SES eee ee 


Vcc = MIN, Vit = 0.8 V, 
VOH High-level output voltage oe HL 


ViH = 2V, lIoH = —-40 mA 


V Low-level output voltage NOG Tren Seer re 0.2 0.4 0.2 
ow-leve utput V r - : 
OL : ? ViH=2V,  IoL = 40 mA 


|\Vop1| Differential output voltage Vcc = MAX, Io = 0 3.5 2Vop2 3.5 2Vop2 
\Vop2!| Differential output voltage Vec = MIN 


Change in magnitude of 
A\Vopl § Vcc = MIN 
differential output voltage 


Vv = MAX 


o 
rs 


N 
& 
vo) 
N 
rm) 
oO 


+0.02 +0.4 +0.02 +0.4 


CC 
V Common-mode output voltage 
oc iiesiberrat nines at " 
- _ Change in magnitude of 
AlVoc| “ s| Voc = MIN or MAX 
common-mode output voltage 


Vo = j h 
in... Outaut cunsht.with power off | Vor =0dNa = Uae Vc 1. aOt 108 | bt oe 


Input current at maximum 
I Vcc = MAX, V; = 5.5 V 1 
input voltage ; 


WH High-level input current Vcc = MAX, Vj = 2.4V 


Low-level input current Voc = MAX, Vi=O4v | 1-16] —-1'~—--1<6| 
os Short-circuit output current # Vcc = MAX =40 — —90" —150 T } 40 7 =< 90 = ae 


Suppl Ciboth divers “fo ce eee 37 «60 37° 50 
curren 1@) river 
cc ee No load, Ta =. 25°C 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ All typical values are at Vcc = 5 V and Ta = 25°C except for Vgc, for which Vcc is as stated under test conditions. 

8 A|Vop| and A|Vgc| are the changes in magnitudes of Vop and Voc, respectively, that occur when the input is changed from a high 
level to a low level. 

{ In EIA Standard RS-422-A, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 

#Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, TA = 25°C 


c Aaa rest [__sneuvee_[_sw76168 
CONDITIONS MIN TYP MAX MIN TYP MAX 


tpLH Propagation delay time, low-to-high-level output See Figure 2, 16 25 16 25 
Termination A 


UNIT 
tpH_ Propagation delay time, high-to-low-level output i ne] 
tpLH Propagation delay time, low-to-high-level output See Figure 2, 13 20 13 20 ae 

Termination B as 


tpH_ Propagation delay time, high-to-low-level output i 
tTLH Transition time, low-to-high-level output See Figure 2, “ 20 
tTHL Transition time, high-to-low-level output Termination A 


; See Figure 2, 
Overshoot factor tte % 
Termination C 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


50 2 
; 2 
50 2 
A 


FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 


INPUT 


Y OUTPUT 


PULSE 
GENERATOR 
(see Note A) 


Z OUTPUT 


c. Y Y 
- 2 Cc, =-15 pF | 
(see Note B) 
ws) CL. = 30 pF z 100 2 
= : (see Note B) CL = 15 pF 
© (see Note Bed Sy 
PP = yo Zz 
= TERMINATION A TERMINATION B TERMINATION C 
= TEST CIRCUIT 
S =-5 ee i— P| je-< 5ns 
o a et ee Sarg OVERSHOOT 
7s 1 Jr 90% 90% | 
INPUT) =| 4F1.5V 1.5 V>¥e| Sele 
10 i 1N.10% 
ob l - Ov 100% * - 
| | | ! 
tPLH ¢——_>| }¢—P+- tPHL 
I | 
| t 
DIFFERENTIAL 50% 50% ou Sak 


OUTPUT ices 
| t 


OVERSHOOT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyz = 500, ty = 25 ns, PRR < 10 MHz. 
B. Cy includes probe and jig capacitance. 


FIGURE 2. SWITCHING TIMES 


4 
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| SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSt 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
DATA INPUT VOLTAGE : DATA INPUT VOLTAGE 
Vcc = 5V 
No load 
> = ° 
* Seana f abi. yr ees ke 
® 
D D 
§ ‘eka oe E 
oH > 
3 fee = 45V 3 
é 
| 
2) \e) 
bm 
® 
2 
® 
® 
0 1 2 3 4 oc 
V;—Data Input Voltage—V V|— Data Input Voltage—V ” 
®o 
FIGURE 3 FIGURE 4 2 
ra 
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE © 
vs / VS .— 
OUTPUT CURRENT OUTPUT CURRENT a | 


VoH— Output Voltage—V 
Vo_— Output Voltage—V 


0 
6 lag toad = G80) ced soe: 120 0 10 20 30 40 50 60 70 80 


loH— Output Current—mA lo_— Output Current—mA 
FIGURE 5 FIGURE 6 


TData for temperatures below 0°C and above 70°C are applicable to SN55158 circuits only. 
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SN55158, SN75158 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSt 


OUTPUT VOLTAGE PROPAGATION DELAY TIMES 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Vec = 5V 
See Figure 2 
” 
e 
> | 
fl ; 
i 3 
% ® 
8 : 
6 2 
: 5 
eS $ 
-y a. 
@ 
Ls) 
p> 
P -75 -50 -25 QO 25 50 75 100 125 -75 -50 -25 O 25 50 75 100 125 
a Ta—Free-Air Temperature — °C Ta—Free-Air Temperature— °C 
® FIGURE 7 FIGURE 8 
i) 
< SUPPLY CURRENT SUPPLY CURRENT 
@ (BOTH DRIVERS) (BOTH DRIVERS) 
a” vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
42 
Input grounded 
40 Outputs open 
< E 
E | 
2 e 38 
5 5 
oO © 
- > 36 
a 
5 E 
] “ 34 
9 8 
32 
30 
0 1 2 3 4 5 6 7 8 -75 -50 -25 O 25 50 75 100 125 
Vcc—Supply Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 9 FIGURE 10 
TData for temperatures below O°C and above 70°C are applicable to SN55158 circuits only. 
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lcc—Supply Current—mA 


SN55158, SN75158 


DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
(BOTH DRIVERS) 


vs 
FREQUENCY 
100 
80 Inputs: 3-volt square wave 
Ta = 25°C 
60 
CHT tT 
40 BREaeiiee aa 
ime | 
ns Hanno 


o LUI LEU EAT 


0.1 0.4 1 4 10 40 100 


f — Frequency — MHz 
FIGURE 11 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


D2325, JANUARY 1977—REVISED SEPTEMBER 1986 


Meets EIA Standard RS-422-A D, J, OR N PACKAGE 
(TOP VIEW) 


Single 5-V Supply 
Balanced Line Operation 
TTL-Compatible 


High-Impedance Output State for Party-Line 
Applications 


High-Current Active-Pull-Up Outputs 
Short-Circuit Protection Nia Ain Ththirel Ronmaciien 


Dual Channels 


Clamp Diodes at Inputs 


description 


The SN75159 dual differential line driver with three-state outputs is designed to provide all the features 
of the SN75158 line driver with the added feature of driver output controls. There is an individual control 
for each driver. When the output control is low, the associated outputs are in a high-impedance state and 
the outputs can neither drive nor load the bus. This permits many devices to be connected together on 
the same transmission line for party-line applications. 


The SN75159 is characterized for operation from O°C to 70°C. 


logic symbolt logic diagram (positive logic) 


1EN 
1EN 
1A 
1B 
2EN 
2A 
2B 


” 
tenn 
® 
Z 
® 
Oo 
® 
ce 
ie 
” 
Bee 
© 
> 
= 
a) 
@ 
= 
—d 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


Copyright © 1986, Texas Instruments Incorporated 


hos toate cots vs ae or s aetoobges j 

current as of publication date. Products conform to 

specifications per “ eer of Texas ‘ac mcr TEXAS 43 ines 
standard warranty. Production processing does no r 
necessarily include testing of all parameters. INST RUM ENTS 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


schematic (each driver) 


INPUT B INPUT A TO OTHER 
(14) (5, 11) (4, 10) DRIVER 


; ss 
90 

(3, 12) 

OUTPUT 
Y 


6, 9) 
OUTPUT 
CONTROL 
GND 


\V ..+ Vee bus 


Resistor values shown are nominal. 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supa VOrnaue, VOC (S66 Ore Fs Saat send ov 6 as wa Gale 6 ee a op ce aes er 
STHRNEI AOU RE on any se te ae os a Re Sone TI a aS Gee TEES Ge 2 Wee Me ety 5. 54 
Off-state-valtage applied. 16 coen:GOHeGIGr-OUTDUtS © se Fs es ee ce ce we ee a 12 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

PEIN ae syd ate Se ad Oo pa a TE ae GD. GER EE EE eo a Rea ee eS ae 950 mW 

SRE ONS ace 5 aa fo ane ere ek gh oe OR. Bs SD a a EE age ER ee 1025 mW 

PU ACNROIE. (oa vce a 3 Oca ee axle ARR ate igi ttc os ee Oe GET oaks aod}: co ga LG a 1150 mW 
Operating free-air temperatire fange 05> Sl Se a er ae el ae 0O°C ‘to 7076 
SUOPACH POMMIREO TING THMOG. 9c u). koe snc do oe tees ke eee OE eg RTE ek ee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260 °C 


NOTES: 1. All voltage values except differential output voltage Vop are with respect to the network ground terminal. Vop is at the Y 
output with respect to the Z output. 
2. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the 
J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 
In the J package, SN75159 chips are glass mounted. 


recommended operating conditions 
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SN75159 } | 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


electrical characteristics over operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX 
ViK Input clamp voltage Vcc = 4.75 V, lj = -12 mA 
2 


Vec = 4.75V, Vit = 0.8 V, 
VOH High-level output voltage 4 3 
ViH = 2V, IOH = —40 mA 
0. 
2 3 
1 
7 


UNIT 


re 


0 
5 
VOK Output clamp voltage Vcc = 5.25V, Igo = -40mA 
Vo Output voltage Vec = 4.75 Vto 5.25 V, Io =0 
|\Vop1| Differential output voltage Vcc = 5.26V, Ig =O 3.5 2Vop2 
\Vop2!| Differential output voltage Vcc = 4.75 V 
8 
5 


Change in nitude of 
TS 4 hata i ea il ag Vcc = 4.75 V +0.02 +0 
differential output voltage 


Vec = 4.75 V, Vi_ = 0.8 V, 
| Vv Low-level output voltage 0.4 
OL ee oe eee Vin = 2V, lo = 40 mA 


ommon-moade output voitage 
= MR SET HLM 


Change in magnitude of V = 4.75 V 
alVoc| tener ae. +0.01 +0.4 
common-mode output voltage* | to 5.25 V 


Vv 
Vv 
V 
V 


4 
c. Von ev es poe 2100] 
= Output current with power off | Vcc = 0 Vo = -0.25 V | 0.1 = 100 | A 
_ Vo = -0.25 Vio 6V 
po Ta = 25°C, Vo = Oto Vcc 
< Vec = 6.25 
s Off-state (high impedance- ce 0 
wo loz state) output current Ontouh so7uo Ta = 70°C bat Bookie a7 
a ; ogy | * Vo = 24V 
: Vo = Vee 
© Input t at 
® I oe Vec = 5.25V, Wj =5.5V mA 
< maximum input voltage 
@ WH High-level input current Vec = 5.25V, Vi =2.4V Dee ea pA 
ow Ne Low-level input current Vcc = 5.25V, Vj =0.4V Raa eS mA 
los Short-circuit output current! Vcc = 5.25 V -—40- +90 -150 
A 


VCC = 5.25 V, ‘Inputs grounded, No load, 
lcc Supply current (both drivers) > ? ? ti 47 65 m 
Ta = 25°C 


T All typical values are at Vcc = 5 Vand Ta, = 25°C except for Voc, for which Vcc is as stated under test conditions. 

FA/Vop| and A|Vgc|! are the changes in magnitudes of Vop and Voc, respectively, that occur when the input is changed from a high 
level to a low level. 

§ In EIA Standard RS-422-A, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 

{ Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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| SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


switching characteristics over operating free-air temperature range, VCC = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Ci = 30 pF, Rx, = 1000, See Figure 2, 
high-to-low-level output} Termination A 


Ci = 15 pF 


: . : See Figure 2, Termination B 
tpH_ Propagation delay time, high-to-low-level output 


’ 
’ 


tTLH Transition time, low-to-high-level output Ci = 30 pF, Re 


= 1000, See Figure 2, 4 
tTHL Transition time, high-to-low-level output Termination A 4 


CL = 30pF, Ry, = 1802, See Figure 3 7 
CL = 30 pF, Ri, = 2502, See Figure 4 14 
3 


CL = 30 pF, R, = 1802, See Figure 


L 
CL = 30 pF, Ry = 2500, See Figure 4 
Overshoot factor Rt = 1002, See Figure 2, Termination C 


T All typical values are at Ta =.25°C. 


SYMBOL EQUIVALENTS 


DATA SHEET PARAMETER | «RS-422-A 


A|Vop| | IVel - [Vel | 
V 


” 
he . 
® 
Rs 
® 
a) 
® 
cc 
— 
7 
Bes 
o 
= 
Baws 
QO 
o 
= 
ad 


PARAMETER MEASUREMENT INFORMATION 


50 2 


50 2 ik 


FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


1 kQ 


5V 


Y OUTPUT 
Z OUTPUT 


5 See, 
| 
| 
| 
| 


PULSE 
GENERATOR 
(See Note A) 


cq = 
30 pF 


R, = 1000 CL = 15 pF 


z is z + (See Note B) 
ee — 
CL = 15 pF aa fs 2 
= ‘seg (See Note B) —L 
@ 
= TERMINATION A TERMINATION B TERMINATION C 
=| 
= TEST CIRCUITS 
© 
=] 
” 
— 
a 
4] 
7) 
2. 
< 
@ 
x OVERSHOOT 
VOH 100% 7 


OUTPUT 


Vv 
| | OL } 
Te vec pc 0% & — 
VOH t | 
Y OVERSHOOT 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zo, = 502, PRR < 10 MHz. 
B. C, includes probe and jig capacitance. 


FIGURE 2. tpLH. tPpHL. tTLH. tTHL. AND OVERSHOOT FACTOR 


Ri = 100 0 
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SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
IS ee: 
| 
(See Note A) i ci | | eo. 
| ge 30 pF 
= | | ke = 
| = ote B) 4 
i J | | A OUTPUT 
eae: t 
1) Lk | RL = 180 0 mA 
| a= | 1 
30 pF | - 
(See | 
yen a SS ce ences co eae = ie B) 0 
® 
5V 2 
® 
TEST CIRCUIT S 
cc 
r) 
=5 ns > ne dee 
® 
2 
a 
INPUT OQ 
® 
a 
and 
OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyy = 50 2, PRR = 500 kHz. 
B. C, includes probe and jig capacitance. 


FIGURE 3. tpzH AND tpHz 
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-SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


PULSE (Ne eet Sees & 
GENERATOR & | 5V 
(See Note A) 50 0 | l CL = 
| 30 pF 
= | (See Ry = 2500 
| | = Note B) 4 
Sv | | e OUTPUT 
| ‘& | S 
1 ka ae | 


SIBAIBD9Y/SIBAUG OUI fe 
@ 
L) 
| 
F780 
o Ps t 
@ ma 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zo, = 50 2, PRRs 500 kHz. 
C. Cy, includes probe and jig capacitance. 


FIGURE 4. tpz_ AND tpiz 
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SN75159 
AL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


Vo— Output Voltage—V 


Vo— Output Voltage—V 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
vs 
DATA INPUT VOLTAGE 


No load 
Ta = 25°C 


Vcc = 


OUTPUT VOLTAGE 
vs 
DATA INPUT VOLTAGE 


5 V 
No load 


Vcc = 5.25 V > Ta = 70°C 
| 
a ie oe ) 
Fn ee 5 
. > 
S 
a 
S 
si 
2) 
> 
1 2 3 4 
V;— Data Input Voltage—V V,— Data Input Voltage—V 
FIGURE 5 FIGURE 6 
OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 
> 
| 
® 
D 
= 
i) 
> 
5 
a 
5 
i 
a 
2) 
> 


Ta—Free-Air Temperature — °C 


FIGURE 7 


-40 -60 -80 -100 -120 
loH— Output Current—mA 
FIGURE 8 
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SN75159 pee 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


LOW-LEVEL OUTPUT VOLTAGE (BOTH DRIVERS) 
vs vs 
OUTPUT CURRENT SUPPLY VOLTAGE 


> <x 
| £ 
: Ms 
g ; 
i = 
= 3 
a 2 
3 a 
. D 
| 
a 
“ 8 
0 1 2 3 4 5 6 rs 8 
lo_— Output Current—mA Vcc—Supply Voltage—V 
FIGURE 9 FIGURE 10 
SUPPLY CURRENT SUPPLY CURRENT 
(BOTH DRIVERS) (BOTH DRIVERS) 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 
100 
Vcc = 5V Vec = 5V 
Inputs grounded RL = 
No load Cy = 30 pF 
< < 80 Inputs: 3-volt square wave 
: i Ta = 25°C 
é Ss LUMI Le 
a yg 
: = of Lem tL tL 
‘ 2M LCE En 
| 
g Bo TUM LTTE LE 
TTI 
oL LL EIIM LE EHIME 1 LUT 
0.1 0.4 #1 4 10 40 100 
Ta —Free-Air Temperature — °C {— Frenusney Mie 
TEXAS 4 
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Propagation Delay Times from Data Inputs—ns 


SN75159 
DUAL DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIMES OUTPUT ENABLE AND DISABLE TIMES 
FROM DATA INPUTS vs 
vs FREE-AIR TEMPERATURE 


FREE-AIR TEMPERATURE 
Vcc = 5V 


See Figures 3 and 4 


Output Enable and Disable Times—ns 


Ta—Free-Air Temperature— °C 


ee -Ai 6 
Ta—Free-Air Temperature— °C FIGURE 14 


FIGURE 13 
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SN75160B 
OCTAL GENERAL-PURPOSE 
INTERFACE BUS TRANSCEIVER | 


D2525, OCTOBER 1985 


MEETS IEEE STANDARD 488-1978 (GPIB) 
8-Channel Bidirectional Transceiver 


DW, J, OR N DUAL-IN-LINE PACKAGE 
Power-Up/Power-Down Protection (Glitch- (TOP VIEW) 
Free) 


High-Speed, Low-Power Schottky Circuitry 


@ Low-Power Dissipation . . . 72 mW Max per 

Channel 

TERMINAL 

@ Fast Propagation Times . . . 22 ns Max 1/0 PORTS 
@ High-lmpedance P-N-P Inputs 
@ Receiver Hysteresis .. . 650 mV Typ 
@ Open-Collector Driver Output Option 
@ No Loading of Bus When Device is Powered FUNCTION TABLES 

Down (Vce = 0) 

EACH DRIVER EACH RECEIVER 
description 


The SN75160B 8-channel general-purpose D 
interface bus transceiver is a monolithic, high- L 
speed, low-power Schottky device designed for 
two-way data communications over single- 


ended transmission lines. It is designed to meet 


the requirements of IEEE Standard 488-1978 H = high level, L = low level, X = irrelevant, Z = High-impedance 
; : j state. 

The transceiver features driver outputs that can 

be operated in either the passive-pullup or three- t This is the high-impedance state of a normal 3-state output 

state mode If Talk Enable (TE) is high these modified by the internal resistors to Vcc and ground. 


” 
hee 
® 
£ 
® 
oO 
® 
cc 
— 
72) 
eas 
® 
> 
_ 
Q 
© 
ee 
aad 


ports have the characteristics of passive-pullup 
outputs when Pullup Enable (PE) is low, and of 
three-state outputs when PE is high. Taking TE 
low places these ports in the high-impedance 
state. The driver outputs are designed to handle 
loads up to 48 milliamperes of sink current. 


Output glitches during power-up and power- 
down are eliminated by an internal circuit that 
disables both the bus and receiver outputs. The 
outputs do not load the bus when Vcc = O 
volts. When combined with the SN75161B or 
SN75162B management bus transceivers, the 
pair provides the complete 16-wire interface for 
the IEEE 488 bus. 


The SN75160B is characterized for operation 
from O°C to 70°C. 


PRODUCTION DATA documents contain information ‘ Copyright © 1985, Texas Instruments Incorporated 

ves as of poe gmes date. Somme conform . T 4 

specifications per the terms of Texas Instruments 

stinderd waranty. Production processing does not EXAS 4-281 © 
necessarily include testing of all parameters. INSTRUM ENTS 
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SN75160B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


logic symbolt logic diagram (positive logic) 


11 
pe Ltt) M1 [3S] PE (11) 
M2 [0C] 
TE EN3 [XMT] TE 
EN4 [RCV] D1 
D1 » B1 
3 (17/29) B1 
va i 
D2 SSS B2 B2 
D3 SERS: BS 
D4 iia aS B4 se 
D5 be ey BS B3 
D6 ee: B6 a 
ee B7 
D8 aOR S) FA B8 TERMINAL BA 
GPIB 
pa D5 1/0 
=:  t This symbol is in accordance with ANSI/IEEE Std 91-1984 and PORTS 
= IEC Publication 617-12. on 
V Designates 3-state outputs. 
i) @ Designates passive-pullup outputs. D6 
=| 
< B6 
© 
” D7 
x 
® B7 
@ D8 
< 
) 88 
Lam | 
” 


schematics of inputs and outputs 


EQUIVALENT OF ALL CONTROL INPUTS 


Vcc 


Se yee ee 


INPUT/OUTPUT 
PORT 


Driver output Reg = 30 2 NOM 
Receiver output Req = 1102 NOM 
Circuit inside dashed lines is on the driver outputs only. 
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SN75160B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


ORAS ER I SIE 0, LE ENE PRES YC ERA NN AONE PIS GT ARE 2 ET OR ORE MELA ERSTE PS AM NS LE SLAB EE ESAS ESS OE A PIN, 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SO NI CRO IEEE ob a onc oxy, alas eiere eee Soke SR leet ea ace, acd SHEL IRR tee wee et y a * 
ECL PINR TON st ia ge Poe ans ee PEE eee x Tock a, iy 6 1a Helle 9 LEED vo ul a “os SU ee Se a 5.5: Vi 
Low-evel crivere OUIDUT CUOMO. sie c sc hares sin eee) ae de a vs Pate Dees 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

CMM NG ak Uy atcstte ane he Me Oe ass Stipek PR Gay dee eee ne 1125 mW 

wb RMN is, Foe sk ane Sek se Ge KIN ad ig ER. 9. (0s FCs EN bale ago ee aes 1375 mW 

5 Se Rae eer Ao err gen tate ee Sa No ae ee Rey Sends SRR BME Ste pont 1150 mW 
Operating tee-cir temperature range 25.25". Fe es A ee Ss ee le O°C to 70°C 
Stree TOMUOTRT FAI oS nas ie EE 5k I sn hg sh eR ates Rea -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .......... 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package.... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the DW package at the rate of 9.0 mW/°C, the N package at the rate 
of 9.2 mW/°C, and the J package at the rate of 11.0 mW/°C. In the J package, SN75160B chips are alloy mounted. 


recommended operating conditions 


c Bus ports with pull ups active 
re 


Bus ports MPR Matin, 
Low-level output current, lo. " mA 
Terminal ports GRR ee ae es 


” 
deo 
® 
2 
® 
12) 
® 
cc 
— 
2] 
Somes 
® 
> 
_ 
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® 
£ 
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OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


Petre etn iT ae 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ViK Input clamp voltage | = -—18mMA 


Vi Hysteresis ous 
Ls Wre- = Vra) 
output voltage pate! |=. | lIoH = —5.2 mA, PE and TE at 2 V 
output voltage FBus.| i. | lo. = 48 mA, TE at2V ‘ 
maximum input voltage 
in High-level input current 7 


V we Wbus) =O 258.0 
1/O(bus) Voltage at bus port Driver disabled 
(bus) = ~12 mA 
(@) 


NTN 
oly N 
WwW 
Ww 


o . . 
: No “jal | 
~N | 
: 
> 


WwW 


Ww 
oOo 


Vi(bus) = —1-5 V to 0.4 VjJ-1.3 
Vi(bus) = 0.4 V to 2.5 V 


; . ¢ Vi(bus) = 2.5 V to 3.7 V 
11/O(bus) Current into bus port Power on |Driver disabled 


l 
N 


Vi(bus) = 3-7 Vto5 V 
Vi(bus) = 5 V to 5.5 V 0. 


Power off|Vcc =O, Vi(bus) = 9 V to 2.5 V 
Short-circuit Terminal 


oO 
~ 
o 


~ 
N 
o 


am 
pon | 
@ 
a, 
=H 
< 
@ 
= 
” 
— 
es) 


| 
NO 
o1 


| 
a output current 


S ' : ee Receivers low and enabled 
curren 0 loa 
cc seis Drivers low and enabled 
V = § Vito 01V, V =IQuto: 2 Vi 


TAIl typical values are at Vcc = 5V. Ta = 25°C. 


WwW 
fo) 


SIQAIQ99 


switching characteristics, Vcc = 5 V, CL = 15 pF, Ta = 25°C (unless otherwise noted) 


PARAMETER | FROM | TO | _ TEST CONDITIONS MIN TYP MAX | UNIT 
Propagation delay time, 
tPLH sect , 14> '-26 
low-to-high-level output : CL = 30 pF, 
: Terminal . 
Propagation delay time, See Figure 1 
tPHL 14 20 
high-to-low-level output 
; Propagation delay time, 
PLH low-to-high-level output : Ci = 30 pF, 
7 ; Terminal ; 
Propagation delay time, See Figure 2 
tPHL 15 22 
high-to-low-level output 
tpzH Output enable time to high level 25 35 
tpHz Output disable time from high level TE See Figure’s 13 22 
tpz_ Output enable time to low level 22 35 
tpLz Output disable time from low level 22 32 
tpzH Output enable time to high level 20 30 
t Output disable time from high level 12 20 
PHZ utpu g TE Terminal See Figure 4 
tpz_ Output enable time to low level 23 32 
tp_z Output disable time from low level 19 30 
ten Output pull-up enable time : 15 22 
: : See Figure 5 
tdis Output pull-up disable time 13 20 
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SN75160B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


ey 5V 
a Bats 
3V 
200 2 
| OUTPUT 
GENERATOR 
(See Note A) 
50 2 CL=30PF Sas00 
(See Note B) 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1. TERMINAL-TO-BUS PROPAGATION DELAY TIMES 


ee as ea 


43V 


OUTPUT 
240 2 


CL = 30 pF 


50 
a Note B) 
= Ne cee es Sas peeks ae J 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2. BUS-TO-TERMINAL PROPAGATION DELAY TIMES 


” 
beer 
® 
= 
® 
Oo 
® 
c 
— ¢ 
7) 
Bowe, 
® 
> 
‘in 
an) 
® 
£ 
oad 


5V 
Ns 200 2 


OUTPUT 


B OUTPUT| a ne 
S1to3V | 


C, = 15 pF 480 2 


(See Note B) s20Pen | 


B OUTPUT 
$1 to GND 
GENERATOR | * Sdae UBS are oa = $2 CLOSED 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. TE-TO-BUS ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
tf =ns, Zout = 50 2. 
B. Cy includes probe and jig capacitance. 
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SN75160B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


5 Vv 3V 
GENERATOR $2 TE INPUT By 
(See Note A) | —|— — OV 
t t 
OUTPUT eit Sas Me a" pHz—> te ay 
2402  D OUTPUT OH 


Sito3V | 
$2 OPEN | 


G, - SeF Ssun ez. — 2-4. 
3V (See Note B) | 4v 
D OUTPUT | 
i $1 to GND | 
= $2 CLOSED 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 


2% -—— Se = | 
a GENERATOR SEE Ira Ce eh SG, Bearer wens Pon S LEE 1S oe eae 3V 
@ (See Note A) | 
PE INPUT 

oO | 
ons lp 
< l 
@ 
on | 
~” 
= ] 
a 
@ 
© | 
©. | 
S 3V | 
Pe 1 | 3 Eee es Bs J 

TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tp <6 ns, 
te sns, Zoyt = 50 2. 
B. C, includes probe and jig capacitance. 
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VOH—High-Level Output Voltage—V 


SN75160B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


se Ses Gada Ge: de 
Mis ee Mae 
anne Vs 


0 -5 -10 -—15 —20 -25 -—30 -35 —40 0 10 20 30 40 50 ~=—s« 60 
IoH—High-Level Output Current—mA lo, —Low-Level Output Current—mA 
FIGURE 6 FIGURE 7 


TERMINAL OUTPUT VOLTAGE 
vs 
BUS INPUT VOLTAGE 


Vo—Output Voltage—V 


Ff MR) SRS RT A NRE ORF SG ED 
0 0.2 04 0.608 1.0 1.2 1.4 16 1.8 2.0 


V;—Input Voltage—V 


FIGURE 8 
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SN75160B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


VOH—High-Level Output Voltage—V 


SIOAIQDOY/SIBALG BUI oe 


Vo—Output Voltage—V 


4-288 


0.9 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE 
vs 
BUS HIGH-LEVEL OUTPUT CURRENT 


—30 -40 -50 
1OH—High-Level Output Current—mA 


FIGURE 9 


BUS OUTPUT VOLTAGE 
vs 
TERMINAL INPUT VOLTAGE 


1.0°444+> 92. 43 542 
Vi—Input Voltage—V 


14.8 -~1.7 


FIGURE 11 


Vo_L—Low-Level Output Voltage—V 


11/O(bus)—Bus Current—mA 


BUS LOW-LEVEL OUTPUT VOLTAGE 


BUS LOW-LEVEL OUTPUT nae 


Vcc =5V 
Ta =25°C 


0 
0 10 20 30 40 50 60 70 80 90 100 
lo. —Low-Level Output Current—mA 


0.6 


0.5 


0.4 
0.3 
se 


0.1 


FIGURE 10 


BUS CURRENT 
vs 
BUS VOLTAGE 


SN NNsssssall 
\N VE sb 
NNAWAES 
N\EBZENN 
INSSSSTZT CANN 
NTE TTINN 
VHIRSSSINN 


N Ss : iS 3 SS 
—2 —-1 0 1 2 3 4 5 6 
V1/O(bus)—Bus Voltage—V 


FIGURE 12 
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| 4 | SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


D2618, OCTOBER 1980—REVISED OCTOBER 1985 


MEETS IEEE STANDARD 488-1978 (GPIB) 


8-Channel Bidirectional Transceiver SN75161B... DW, J, OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Power-Up/Power-Down Protection 
(Glitch-Free) 3 


@ Designed to Implement Control Bus 


Interface 
@® SN75161B Designed for Single Controller ae TERMINAL 
@ SN75162B Designed for Multi-Controllers PORTS VO PORTS 
@® High-Speed, Low-Power Schottky Circuitry 
@ Low-Power Dissipation . . . 72 mW Max Per 
Channel 
@ Fast Propagation Times . . . 22 ns Max SN75162B . . . DW DUAL-IN-LINE PACKAGE 
® High-lmpedance P-N-P Inputs Cee 
” 
@ Receiver Hysteresis . . . 650 mV Typ sc 1 U2at) Vcc o 
TE L]2 23|_] NC > 
@ Bus-Terminating Resistors Provided on REN [13 221 | REN ‘oO 
Driver Outputs IFC |]4 211 J IFC a 
@ No Loading of Bus When Device is Powered GPIB NDAC Ls 20} | NDAC cc 
NRFD [_j6 19| |] NRFD TERMINAL PY) 
Down (Vcc = 0) 1/0 be 
PORTS DAV (]7 18] DAV 1/O PORTS a) 
description EOi(]s = 17 JEO! Z 
ATN(P ~ 16{JATN Q 
The SN75161B and SN75162B eight-channel SRO[}10 15{/]SRO © 
general-purpose interface bus transceivers are NC} ]11 0) 14, JNC S 
monolithic, high-speed, low-power Schottky GND{| i213, }DC — 
devices designed to meet the requirements of 
IEEE Standard 488-1978. Each transceiver is SN75162B . . . N DUAL-IN-LINE PACKAGE 
designed to provide the bus-management and (TOP VIEW) 


data-transfer signals between operating units of 
a single- or multiple-controller instrumentation 
system. When combined with the SN75160B 
octal bus transceiver, the SN75161B or 
SN75162B provides the complete 16-wire 
interface for the IEEE 488 bus. GPIB 


The SN75161B and SN75162B each features 
eight driver-receiver pairs connected in a front- 
to-back configuration to form input/output (I/O) 
ports at both the bus and terminal sides. A power 
up/down disable circuit is included on all bus and 
receiver outputs. This provides glitch-free 
operation during VCC power-up and power- NC—No internal connection. 
down. The direction of data through these driver- 

receiver pairs is determined by the DC, TE, and 

SC (on SN75162B) enable signals. The SC input 

on the SN75162B allows the REN and IFC 

transceivers to be controlled independently. 


TERMINAL 
1/0 PORTS 


PRODUCTION DATA documents contain information ° Copyright © 1980, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 

spenne ne a _ abe of Texas hep rage TEXAS 4-289 
standard warranty. Production processing does not - 
necessarily include testing of ail sareaoter’. INSTRUM ENTS 
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SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when supply voltage Vcc is 0. The drivers are designed to handle loads up 
to 48 milliamperes of sink current. Each receiver features p-n-p transistor inputs for high input impedance 
and a guaranteed hysteresis of 400 millivolts for increased noise immunity. All receivers have 3-state outputs 
to present a high impedance to the terminal when disabled. 


The SN75161B and SN75162B are characterized for operation from O°C to 70°C. 


CHANNEL IDENTIFICATION TABLE 


| NAME | IDENTITY CLASS 


DC Direction Control 
Control 


TE Talk Enable 
Bus 


System Control (SN75162B only) 
Attention 
Service Request 


Remote Enable Management 


Interface Clear 
End or Identify 


eee 
ed Data Valid ts 
Not Data Accepted = 

o Not Ready for Data ranster 
ae 

< 

© 

sq 

” 

— 

a 

© 

© 

@. 

< 

@ 

= 
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SN75161B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


SN75161B logic symbolt SN751618B logic diagram (positive logic) 


(8) ATN 


(14) 
EOI 


(7) EO! 


(9) 


a SRO 
ea oe tl 


(12) 


SRQ | 


(19) (2) 
REN REN 
ee | 

(18) 


(3) 
IFC o IFC 
ae ae 


t This symbol is in accordance with IEEE Std 91-1984 and IEC <a 
publication 617-12. (15) (6) 


Vdesignates 3-state output, designates passive-pullup outputs. DAV ram Es DAV 


” 
dew 
© 
= 
® 
Oo 
® 
ce 
— 
” 
tee 
© 
= 
be: 
a) 
© 
= 
= 


17 
NDAC wide > (4) pac 


(16) 


FD 
a 
wii —-? 


- NRFD 
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SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


SN75162B logic symbolt SN75162B logic diagram (positive logic) 


[13] 


pe 2S : 


[2] 


TE (2) S 


—— 
—_ 
_—_— 


ATN [16]](14) 


[17] 
EOI (15) 


[15] | 
SRO (13) 


ek sro 


C. mee 
: a woe 

20 

REN REN 

9 ee 
PS la <j is) 

19) 
= IFC IFC 
¢ oe 
@ e 
?) T This symbol is in accordance with IEEE Std 91-1984 and IEC [18] ia (7] 
@ (16) (7) 
se publication 617-12. DAV ean 2 DAV 
Pe VYdesignates 3-state output, Qdesignates passive-pullup outputs. ene 
aw [20] <j 5] 

(18) 

NDAC ie NDAC 
Pee 
[19] _< 6) 
17 
NRFD Ba 9 NRFD 
[ ] Denotes pin numbers for DW package. 
( ) Denotes pin numbers for N package. 
Ti 4 
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SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


SN75161B 
RECEIVE/TRANSMIT FUNCTION TABLE 


CONTROLS BUS-MANAGEMENT CHANNELS DATA-TRANSFER CHANNELS 


TE ATNt | ATNtT SRO REN IFC 
(Controlled by DC) 
R T R R 


DAV NDAC NRFD 
(Controlled by TE) 


T R R 
me 
ie 
is 


SN75162B 
RECEIVE/TRANSMIT FUNCTION TABLE 


CONTROLS BUS-MANAGEMENT CHANNELS DATA-TRANSFER CHANNELS 


Hi DAV NDAC NRFD 
(Controlled by TE) 


H = high level, L = low level, R = receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the 
bus side to the terminal side. Data transfer is noninverting in both directions. 
T ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EOI whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 


”) 
thas 
® 
= 
® 
Oo 
® 
em 
— 
” 
Bee 
® 
> 
[a) 
® 
= 
al 


ip 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


4-293 


SN75161B, SN75162B | 
~OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


schematics of inputs and outputs 


TYPICAL OF SRQ, NDAC, and NRFD 
GPIB 1/O PORT 


EQUIVALENT OF ALL 
CONTROL INPUTS 


INPUT/OUTPUT 
PORT 


Circuit inside dashed lines is on the driver outputs only. 


TYPICAL OF ALL 1/O PORTS 


r. EXCEPT SRQ, NDAC, and NRFD GPIB I/O PORTS 
= 
© 
0 
ane 
< 
© 
= 
” 
— 
Ss) 
i) 
'T) 
@. 
= 
® 
INPUT/OUTPUT 
7) PORT 
Driver output Reg = 30 2 NOM 
Receiver output Reg = 110 29 NOM 
Circuit inside dashed lines is on the driver outputs only. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
SY AVON NEC) SRM IOLG: PP cick bbl x aw Shaskaglte Pete e's na BS Se a SIO ede So a wpe eas 7V 
OEE DSS) ES Bes ee BRB A ee ae ee eee: Amie ment” c+ RS hee SRS IND ac Rebs Br Seyi a te Ce eae ai V 
LUNCH CRUE *AUIEIOLET OERSEP ONE: ei FE eMule oe whee Pee be ke pan F4e Capi ee RED eee ae ae 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
Py GC rec NEE Sg ico eae ceo RO Ee Fin Ce Tow Phi tke Dae ena | 1125 mW 
ETN eer ret INEA ES = tae vate ch lee Dove ae A ER AE, wt ae kg ek ate woe SCP aee 4 1350 mW 
PO EA MN odes hee Ndahd se get ox ST OE Rs SAE A Powe ES Rie i Ok ae is ee a ao bao at aa 1375 mW 
OP RIN MIME tarde to once sarod ee ae ahd Red ad whe we rk a eae Pee 1150 mW 
Sh SCR ee BMEYES erie hig sone ete oh ee ER a Rah Nahe ak Rr hE he eed 1700 mW 
Onarating.1ree-ar tenimerakure TANGes.0 o. St... od ae os ele sc es po > See ees wae OFS ta JOPC 
Ps Lame Ett ey Ottite bal ee. eae t Saha k odo (ben ech» poetieie eb estan ea eee — 65°C to 150PC 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: J package .......... 300 °C 
Lead temperature 1,6 mm (1/16) inch from the case for 10 seconds: DW or N package .... 260°C 
NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the 20-pin DW package at the rate of 9.0 mW/°C, the 24-pin DW 
package at the rate of 10.8 mW/°C, the 20-pin N package at the rate of 9.2 mW/°C, the 22-pin N package at the rate of 
13.6 mW/°C, and the J package at the rate of 11.0 mW/°C. In the J package, SN75161B chips are alloy mounted. 
Ti a 
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SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


recommended operating conditions 


eae Se ae an ee Ce ee A Pe 
Supply voltage, Vcc 4.75 5 5.25 
High-level input voltage, Vin 
Low-level input voltage, Vit Eo oe | ae 


Bus ports with 3-state outputs mA 
High-level output current, IO E s | mA 
Terminal ports 


Low-level output current, Io. mA 
Terminal ports eae es 
Operating free-air temperature, TA 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
ViK Input clamp voltage ly} = -—18 mA =0.8+:+ 6.5 
Vhys Hysteresis (Vr, - Vt_) |Bus | 0.4 0.65 
i 2. - 220 


< 


dau High-level IOH = —800 pA f ; 
output voltage Ge IOH = —5.2 mA 2.5 mye 
y, Low-level Terminal lol = 16 mA Oj" 0:5 y 
Ot output voltage LSS lo. = 48 mA 0.35 0.5 
Input current at ; 
I ; Terminal Vv; = 5.5 V 0.2 100] pA 
maximum input voltage 
High-level Terminal 
WH : Vi = 2. 0.1 20} pA 
input current and 
Low-level control 
NL ; ; V\ A 
input current inputs 
| = 0 : 3.0 ; 
Vi/O(bus) Voltage at bus port Driver disabled ous) aa Te 
l(bus) = — 


Vi(bus) = —1.5 V to 0.4 V 


Vitbus) = 0-4 Vt02.5V 
+2.5 
E ; Vi(bus) = 2-5 V to 3.7 V 
Power on Driver disabled —-3.2|1 mA 
0.7 2.5 
Pe fa 


be 


Il 
o N 
on N 
< < 
| 
©) 
| 
2) 
ro) 


io) 
—~ 


Nh 
oa 


11/O(bus) Current into bus port 


Vi(bus) = 3-7 V to5 V 
Vi(bus) = 5 V to 5.5 V 


Vec = 0, Vi(bus) = 0 V to 2.5 V 
170 


co 
Vcc = 5Vto OV, 
Ci/o(bus) Bus-port capacitance Vivo = Oto 2 V, f = 1 MHz 


TAII typical values are at Vcc = 5 V, Ta = 25°C. 
*VOH applies for three-state outputs only. 
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SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


switching characteristics, Vcc = 5 V, CL = 15 pF, Ta = 25°C (unless otherwise noted) 


TEST 
PARAMETER TO MIN TYP MAX | UNIT 
CONDITIONS 

; Propagation delay time, 
Pun low-to-high-level output - se 

Propagation delay time, 
tTPHL . 

high-to-low-level output 


Propagation delay time, 


Ci. = 30 pF, 
See Figure 1 


Bus 
(SRQ, NDAC 


CL = 30 pF, 


Terminal 
: Terminal 
low-to-high-level output NRFD) 
Propagation delay time, 
tPLH : 
low-to-high-level output 


: ’ B Terminal 
Propagation delay time, 
tPHL : 
high-to-low-level output 
BUS 


us 
tpzH Output enable time to high level TE. DC 
sable time Wom high Tevel i TTN, E01 | ECROSEE ES 
PHZ Output disable ie rom high leve ie (ATTN, EOI See Figure 8 
tpz_ Output enable time to low level tea REN, IFC, OS a 
tpLz Output disable time from low level and DAV) pe eae ge a 
or 
C 


t 
Sook See Figure 1 


Cy = 30 pF, 
See Figure 2 


. 
a tpzH Output enable time to high level <E-bC 
Q tpHz Output disable time from high level aitieee Sei Ricard Baie ees 
= tpz_ | Output enable time to low level 
ee - - S 
= tp_z Output disable time from low level 
Lm 4 
” 
~ 
2 
rh PARAMETER MEASUREMENT INFORMATION 
< 5V 
@ 
=| 
” 
FROM (BUS) FROM (TERMINAL) 
OUTPUT UNDER TEST POINT OUTPUT UNDER 
TEST TEST 
Bs (See Note A) 
LOAD CIRCUIT 
——e—— ee oe V ——— ee 
TERMINAL . BUS ny 
INPUT 15V INPUT 1.5 V 15V 
| (See Note B) | OV (See Note B) | ov 
tpLH¢-p| tpHL_—e—_p| 
—-—-VOH 
BUS TERMINAL . e 
OUTPUT OUTPUT 
VOL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
FIGURE 1. TERMINAL-TO-BUS FIGURE 2. BUS-TO-TERMINAL 
PROPAGATION DELAY TIMES PROPAGATION DELAY TIMES 
NOTES: A. Cy includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
te s6 ns, Zoyt = 50 2. 
U 
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SN75161B, SN75162B 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


$1 
O— 5V 
FROM (BUS) 
OUTPUT UNDER TEST POINT 
TEST 
C, = 15 pF 480 2 
| (See Note A) 
LOAD CIRCUIT 
regina oT (om rab haa tuted mA ee en a ¥ 
CONTROL y y 
; 15V 
INPUT | 10M tine Now th 
tpPZzH teHZ—~ |} 
a Vv 
BUS Ris Rely OH 
OUTPUT l 
$1 OPEN SG 
tPz_—++—>| tpLz tomy 
| #3.5V 
BUS 
OUTPUT 
$1 CLOSED 05V 
ie a Veg 


VOLTAGE WAVEFORMS 


FIGURE 3. BUS ENABLE AND 
DISABLE TIMES 


NOTES: A. Cy includes probe and jig capacitance. 


$1 


Oo— 4.3 V 


FROM (TERMINAL) 


OUTPUT TEST POINT 
UNDER TEST 
| (See Note A) 
LOAD CIRCUIT 
CONTR ig Bi fe 5 a Be Ge Ne f oe 
0 * 5V Wisv 
INPUT / (See Note B) fl 
sai sete aol asics Soo Pes ees“ tasics ap Neh ioe exabitee ov 
tpZ2H—>] ‘ae tPHZ <= 
TERMINAL | Pies Tt VOH 
OUTPUT | | 
S1 OPEN | 
Ov 
tPZL—>| bs Br i 
TERMINAL | *e 
OUTPUT | 
S1 CLOSED yi pee 


VOLTAGE WAVEFORMS 


FIGURE 4. TERMINAL ENABLE 
AND DISABLE TIMES 


B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 


te <6 ns, Zoyt = 50 2. 
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SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


Ai 


ee 
me 
ee 
hose Se SB 
aE LP pe 


VOH—High-Level Output Voitage—V 
Vo_—Low-Level Output Voltage—V 


0 
0 -5 -10 -—15 —20 -—25 -—30 -—35 —40 0 10 20 30 40 50 60 
IoH—High-Level Output Current—mA lIo_—Low-Level Output Current—mA 
FIGURE 5 FIGURE 6 
TERMINAL OUTPUT VOLTAGE 
vs 
BUS INPUT VOLTAGE 
| EP eceee 
> 3. 
g 
£ . 
C) 
> 
S 
a. 
S 
$ 
oe) 
> 
0 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V;—Input Voltage—V 
FIGURE 7 
Ti 4 
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VOH—High-Level Output Voltage—V 


Vo—Output Voltage—V 


SN75161B, SN75162B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVERS 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE 


HIGH-LEVEL OUTPUT CURRENT 


—50 


0 
0 —10 
!OH—High-Level Output Current—mA 


FIGURE 8 


—-20 -40 -30 —60 


BUS OUTPUT VOLTAGE 


vs 
TERMINAL INPUT VOLTAGE 
Vcc =5V 
No load 


Ta = 25°C 


Pritt 
CCE 
oo 


Mia eS ioe By 
0.9 1.0 


1.9. Ate 3-18 AS: - 1817 
V—Input Voltage—V 


FIGURE 10 


BUS-LOW LEVEL aes VOLTAGE 


LOW-LEVEL ouTPUT CURRENT 


Vcc =5V 
Ta = 25°C uw 


Vo_—Low-Level Output Voltage—V 
—) 
w 


0 
0 10 20 30 40 50 60 70 80 90 100 


lo_ — Low-Level Output Current—mA 
FIGURE 9 


BUS CURRENT 
vs 
BUS VOLTAGE 


INN SSSsssae 
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NNGWAES 
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11/O(bus)—Bus Current—mA 


—2 —1 0 1 P 4 3 4 5 6 
V1/O(bus)—Bus Voltage—V 


FIGURE 11 
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SN75163B 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


D2611, OCTOBER 1985 


8-Channel Bidirectional Transceivers DW, J, OR N DUAL-IN-LINE PACKAGE 


Power-Up/Power-Down Protection 
(Glitch-Free) 


High-Speed Low-Power Schottky Circuitry 


Low Power Dissipation . . . 66 mW Max per 

Channel BUS 
High-Impedance P-N-P Inputs epaianea 
Receiver Hysteresis . . . 650 mV Typ 


Open-Collector Driver Output Option 


No Loading of Bus When Device is Powered 
Down (Vcc = 0) 


description EACH DRIVER EACH RECEIVER 


The SN75163B octal general-purpose interface 
bus transceiver is a monolithic, high-speed, 
low-power Schottky device. It is designed for 
two-way data communications over single-ended 
transmission lines. The transceiver features 
driver outputs that can be operated in either the 
open-collector or three-state modes. If Talk 


(TOP VIEW) 


TERMINAL 
1/0 PORTS 


FUNCTION TABLES 


ee OUTPUT 


L 


H 


Enable (TE) is high, these outputs have the H = high level, L = low level, X = irrelevant, Z = high-impedance 


characteristics of open-collector outputs when state, 
Pullup Enable (PE) is low and of three-state 

outputs when PE is high. Taking TE low places 

the outputs in the high-impedance state. The 

driver outputs are designed to handle loads of 

up to 48 milliamperes of sink current. Each 

receiver features p-n-p transistor inputs for high 

input impedance and 400 millivolts of 
guaranteed hysteresis for increased noise 
immunity. 


Output glitches during power-up and power- 
down are eliminated by an internal circuit that 
disables both the bus and receiver outputs. The 
outputs do not load the bus when Vcc = O 
volts. 


The SN751638B is characterized for operation 
from O°C to 70°C. 


PRODUCTION DATA documents contain information 
= = of pray: ge date. fTaxas | —— - T 4s 
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- §N75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


logic symbolt logic diagram (positive logic) 


pE (11) 


PE M1 [3S] 
M2 [0C] TE 
TE EN3 [XMT] a 
EN4 [RCV] 
D> B1 
D1 
3(1 V/2Q) Bi D2 
D2 Rote es Laas B2 B2 
FE pepper se 83 D3 
D4 a am! 87 Ba 
NS maeaees 85 83 
D6 rs seed 86 ae 
D7 RO 87 
pe ee ft feo" be TERME BA 
= D5 
- t This symbol is in accordance with ANSI/IEEE Std 91-1984 and BUS 
IEC Publication 617-12. ae 
Oo V Designates 3-state outputs. 
a © Designates open-collector outputs. D6 
oO 
my: 
PP B6 
— 
a D7 
@ 
. B7 
< ba 
@ 
= 
” B8 


schematics of inputs and outputs 


EQUIVALENT OF ALL CONTROL INPUTS 


Vcc 
9k2Q NOM 


INPUT/OUTPUT 
PORT 


Driver output Reg = 3092 NOM 
Receiver output Reg = 110 2 NOM 
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OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PP IE SEI LSS il FUEL ey Ce Pe PRM LOIS UR A TD SE FRR MN DAE a CER TS CESS ers PTS AE PNR RAE TLS SOR IN TES AST Ee SS ED IS AE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUnpiW wertege: Ver isoG Maney hl c. 5c...) beeceal en Ree USES. Wed ccs Lv age Lapeiee SCD lie eee 7V 
HOM Ee Ecos Bo. Sg mete pee AE ERT eee Oe rn ee Pal 1 oe ere ees Oona 
OG Pe Cr IE NUTT CUTE on 4 rik a ie ee we ce pl ee ie ao ha ea 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

Ut SIQEOG Ss Phos 3 is RCD eg Ser OB aaa: Lett de oe eee ee ees 1125 mW 

Ri TR, | ie Rok Se ana os banca aey: chee Sametime Ai! tant Egy CCM MC eS im: ARMM Lies we, cre 1375 mW 

CG oR anichea «ses ae ee Se IONS oe. he so, Sse A cst a ee Ae 1150 mW 
Gpeteung: free-air temperature. wange st ac. Pt. o.arecct ds. swe bw. ee OFC to 7/O07%C 
STEER -LETORIOTATEIEG WANKO: .i, wo ne bee bce ah Sado ats a we gees A toda —65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: J package.......... 300 °C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package.......... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the DW package at the rate of 9.0 mW/°C, the N package at the rate 
of 9.2 mW/°C, and the J package at the rate of 11.0 mW/°C. In the J package, SN75163B chips are alloy mounted. 


recommended operating conditions 
i) eae Cee Ree Pees Tees oe ee 
Supply voltage, Vcc 4.75 G 2629 
Low-level input voltage, Vit i 
Sas a se 


P Bus ports with pullups active 
ee eee eee en Femiiepons |... | OO ee 


nea. . 
ow-level output current, ss 
Ww-lev p OL Terminal ports 


Operating free-air temperature range, Ta 
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SN75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT 


High level Terminal |. loH = —800 yA, TE at 0.8 V 2:7 * 3S 


output voltage 2 4 lIoH = —10mA, PE and TE at2 V 


Low-level Terminal | lo, = 16 mA, TE at 0.8 V 


< 


4 
= 
< 
7) 


output voltage MBs Fa lo. = 48 mA, PE and TE at 2 V bie oa Oe | 
at High-level output current Bus Vo = 5.5 V, PE at 0.8 V, ee | 
(open-collector mode) D and TE at2 V 
op Ostate output current Ce ee) a eee tas 
(3-state mode) TE at 0.8 V 


Input current at 
‘ : i i MI se = : sis 5 
maximum input voltage 


High-level : 
NH : Terminal | Vj = 2.7 V 0.1 20 pA 
input current 


,~ Low-level 
5 Hie Terminal | V; = 0.5 V pA 
@ input current 
5 | Short-circuit ase Sere 
=, [2° ___ output current Eos Sea as Bee ae 
< Receivers low and enabled 
>) Icc Supply current No load : mA 
sey Drivers low and enabled eee ee 
~” 

V = 5Vor0V,V = QOto2vV, 
© 
@, TAIl typical values are at Vec = 5, Ta = 26°C, 
< tHysteresis is the difference between the positive-going input threshold voltage, V7 +, and the negative-going input threshold voltage, V7 _. 
@ T+ T 
Lae | 
” 


switching characteristics, Vcc = 5 V, CL = 15 pF, Ta = 25°C (unless otherwise noted) 


PARAMETER | FROM | TO | TESTCONDITIONS | MIN TYP MAX | UNIT 
P tion delay time, 
ropagation delay time 14 20 
low-to-high-level output : Cy = 30 pF, 
Terminal : 
Propagation delay time See Figure 1 
high-to-low-level output 


tPLH yaa 
tPHL fer eay tet 
: Propagation delay time 10 20 
PLH low-to-high-level output j C, = 30 pF, 
Terminal L 
Propagation delay time, See Figure 2 
tPHL |. 1 ee 
high-to-low-level output 


5 
tpZzH Output enable time to high level 25 35 
t Output disable time from high level 
PHZ : f nib as TE See Figure 3 > 
i 2 
TE 


1 
tpz_ Output enable time to low level 
tp_z Output disable time from low level 


tpzH Output enable time to high level 20 30 
t Output disable time from high level 12 20 
PHZ ts - ad let Terminal See Figure 4 3 

9 


tpz_ Output enable time to low level 
tpLz Output disable time from low level 


ten Output pull-up enable time : : 15 22 
; Terminal See Figure 5 
tdis Output pull-up disable time 13 20 
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SN75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


5V 


200 22 D INPUT 
OUTPUT 


GENERATOR 
(See Note A) 


OV 
tpLy | tpH it 


B OUTPUT 


(See Note B) 


480 2 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1. TERMINAL-TO-BUS PROPAGATION DELAY TIMES 


4.3V 
OUTPUT 


240 22 


CL = 30 pF 


; | ‘(See Note B) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


” 
ew 
® 
2 
) 
©) 
® 
cc 
— 
2) 
es 
® 
2 
tee 
a 
® 
£ 
mal 


FIGURE 2. BUS-TO-TERMINAL PROPAGATION DELAY TIMES 


Ad ae ee cnibps. 200 2 


OUTPUT 


B OUTPUT] 
Sito3V | 


CL = 15 pF 480 2 


(See Note B) S20PEN | 


va ‘oz 
| 


B OUTPUT 
$1 to GND 


GENERATOR ot ah ete, ine = $2 CLOSED 05V 
(See Note A) a a ee Ve 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. TE-TO-BUS ENABLE AND DISABLE TIMES 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
te <ns, Zoyt = 502. 
B. Cy includes probe and jig capacitance. 
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SN75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


43V 3V 
—  _------ 
GENERATOR $2 TE INPUT 
(See Note A) | —| a ee ee ees OV 
t t 
OUTPUT | = pHz ml Be eager 
2402 DOUTPUT] | OH 


S1to3V 


| 
S2OPEN | | 
OV 
C, = 8 PF S3K0 ‘ez. ake 12, 
3V (See Note B) | 4v 
D OUTPUT | 
z $1 to GND 
= = A. $2 CLOSED : 
b es eo Rae Be ee REE easy ee OL 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 


=, ——— ee eee eee 
= ERENCE ig RR SR I 5” ipmleeiletmentiiaiiiniamiamaatmiaitaatiiaials in sates. ecg cates 3V 
@ (See Note A) PE INPUT 
0 . 
=f | 
< 
@ 
=] 
“a 
~~ 
a 
9°) 
© 
©, 
< ra 
by (3 ieee es ee a ° 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
te <ns, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 
aT 4 
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SN75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE _ TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


0 -5 -10 -—15 —20 -25 -30 -35 —40 0 10 20 30 40 50 60 
lOH—High-Level Output Current—mA lo. —Low-Level Output Current—mA 
FIGURE 6 | FIGURE 7 


TERMINAL OUTPUT VOLTAGE 
vs 
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BUS INPUT VOLTAGE =F 


Me Risk cme Se 


0 
0 0.2 0.4 06 08 1.0 1.2 1.4 1.6 1.8 2.0 
V;—Input Voltage—V 


Vo—Output Voltage—V 


FIGURE 8 
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SN75163B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL QUTPUT VOLTAGE 
vs vs 
BUS HIGH-LEVEL OUTPUT CURRENT BUS LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 10 20 30 40 50 60 70 80 90 100 
1OH—High-Level Output Current—mA ’  Io_—Low-Level Output Current—mA 


FIGURE 9 FIGURE 10 


BUS OUTPUT VOLTAGE 
vs 
TERMINAL INPUT VOLTAGE 
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SN75164B 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


@ 8-Channel Bidirectional Transceiver 


@® Power-Up/Power-Down Protection 
(Glitch-Free) 


@ ATN+EOI (OR Function) Output to Simplify 
Board Layout 


® Designed to Implement Control Bus 
Interface for Multi-Controllers 


@ Low-Power Dissipation . . . 72 mW Max Per 
Channel 


Fast Propagation Times . . . 22 ns Max 
High-Impedance P-N-P Inputs 
Receiver Hysteresis .. . 650 mV Typ 


Bus-Terminating Resistors Provided on 
Driver Outputs 


® No Loading of Bus When Device is Powered 
Down (Vcc = 0) 


description 


The SN75164B eight-channel general-purpose 
interface bus transceiver is a monolithic, high- 
speed, low-power Schottky device designed to 
meet the requirements of IEEE Standard 
488-1978. Each transceiver is designed to 
provide the bus-management and data-transfer 
signals between operating units of a multiple- 
controller instrumentation system. When 
combined with the SN75160B octal bus 
transceiver, the SN75164B provides the 
complete 16-wire interface for the IEEE 488 bus. 


The SN75164B features eight driver-receiver 
pairs connected in a front-to-back configuration 
to form input/output (I/O) ports at both the bus 
and terminal sides. All outputs are disabled (at 
a high-impedance state) during VCC power-up 
and power-down transitions for glitch-free 
operation. The direction of data flow through 
these driver-receiver pairs is determined by the 
DC, TE, and SC enable signals. The SN75164B 
is identical to the SN75162B with the addition 
of an OR gate to help simplify board layouts in 
several popular applications. The ATN and EOI 
signals are ORed to pin 21, which is a standard 
totem-pole output. 


D2908, OCTOBER 1985 


DW SMALL OUTLINE PACKAGE 
(TOP VIEW) 


yes TERMINAL 
PORTS 1/0 PORTS 
N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 
PI 
. i TERMINAL 
PORTS 1/0 PORTS 


NC—No internal connection. 
CHANNEL IDENTIFICATION TABLE 
DC Direction Control 
TE Talk Enable Control 
Attention 
Service Request Bus 


| NAME | IDENTITY CLASS 
SC System Control 
Management 


Remote Enable 


Interface Clear 
End or Identify 


ATN+EOI| ATN logical OR EO! 


DAV Data Valid Data 
NDAC Not Data Accepted Tranetor 
NRFD Not Ready for Data 
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SN75164B i | | 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


dae iad Get Bh a eae Bee iy as ee ees ee 


wee te rere 


EPP SOT AD a A EEE OE EINES RAS EEE I TOE ES Se 5 TLS ER ae ESC ATS US 0 i PT eR ee LD ee el he 
The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when supply voltage Vcc is O. The drivers are designed to handle loads up 
to 48 milliamperes of sink current. Each receiver features p-n-p transistor inputs for high input impedance 

and a guaranteed hysteresis of 400 millivolts for increased noise immunity. All receivers have 3-state outputs 

to present a high impedance to the terminal when disabled. 


The SN75164B is manufactured in a 22-pin dual-in-line and 24-pin Small Outline package. The SN75164B 
is characterized for operation from O°C to 70°C. 


logic symbolt logic diagram (positive logic) 


[13] (12) 
[2] (2) 


ATN a 
i ATN sc 
= Bits 2 
Oo ATN+EOI 
EOI 
“4 EO! 
. 
oe [23] 
Oo sna ont (21) aATN+EO! 
— 
T 
oO REN REN [17] [8] 
S| or 15) (8) co) 
S IFC IFC 
aa | 
n- DAV DAV [15] [10] 
sro lt) (10) SRO 
NDAC NDAC 
NRFD NRFD pet S a 
i 9 Seer ca a 
tT This symbol is in accordance with ANSI/IEEE Std 91-1984 and vai 
IEC Publication 617-12. [21] N [4] 
(19) (4) 
ST a ES 2 fe 
rh 
[18] i 
(16) 
—$ 
[20] N [5] 
(18) (8) sac 


{ ] Denotes pin numbers for DW package. ra 
( 


J 
) Denotes pin numbers for N package. 
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SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


RECEIVE/TRANSMIT FUNCTION TABLE 


CONTROLS DATA-TRANSFER CHANNELS 
(Controlled by DC) | (Controlled by SC) (Controlled by TE) 


mike 


CSSSOGGOO 


H = high level, L = low level, R = receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the 
bus side to the terminal side. Data transfer is noninverting in both directions. 
T ATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EO! whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 


ATN+EOI FUNCTION TABLE 
INPUTS OUTPUT 
ATN EOI! | ATN+EOI 


H X H 
X H H 
L L L 
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SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


schematics of inputs and outputs 


EQUIVALENT OF ALL TYPICAL OF SRQ, NDAC, and NRFD 
CONTROL INPUTS GPIB 1/O PORT 


Vcc 


INPUT/OUTPUT 
PORT 


Circuit inside dashed lines is on GPIB I/O ports only. 


rr TYPICAL OF ALL I/O PORTS ATN+EOI OUTPUT 
= EXCEPT SRQ, NDAC, and NRFD GPIB I/O PORTS Ver 
@ 200 2 
i 
nite 
2 ee ee 
@ Aoi 
=| 
3 Bie; 
x 
OUTPUT 
© U 
?) 
©. 
< 
@ 
= | ee" 
” INPUT/OUTPUT 


PORT 

Driver output Reg = 30 2 NOM 

Receiver output Reg = 110 2 NOM 

Circuit inside dashed lines is on GPIB I/O ports only. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Retire ONEMEIG Ss WEE TOMB MOTE 14 6 bios 5 nc 8 Ke NE Sea ach ms bo a ete we Ae ee ae 7V 
PNT ONE NORMED rg hee cane Ea ge Stn rip “Fb Wise as SoM HE ON Nk Sah Se Oe Fe we PE OE eT a a ena hd 5:5. V 
Darr Or tw OL UEOENE fore Sages ix oi ck woe re ee be on ete na ae, Ch 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

eg TTS ele eee eee ARCH cen ct 3 SN Pane eee eR ie mR Pe har ag ee ee ee 1350 mW 

iTS OS" SOE Stee Re Pane a ple, 8 ML ea Rah ae a renege ting Peres Ae a OED, PEAR RE REE ast I 1700 mW 
CTE TITE Thee CITI EREUN OS PETG a oe ain ee sca wa iat ee ack Oa we wk ne wn ek ee eg O°C- to: 70°C 
Su aCae ements LOMITREN RC SRE LIES -ENIONS 3. 205 ayo Sai io me oa wae coe vod aoe aot ba aE =—65°C. 160 .150°C 
Lead temperature 1,6 mm (1/16) inch from the, case for 10 seconds: DW or N package .... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the DW package at the rate of 10.8 mW/°C, the N package at the 
rate of 13.6 mW/°C. 
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SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


recommended operating conditions 


a Sse eee ian: Se as eee eee SES 
Supply voltage, Vcc 1 4.75 5 5.25 
High-level input voltage, Vin 


Pte pit vohags Ve ok he ee 
High-level output current, lo Terminal ports 

ATN +E0! See nee 

Low-level output current, Io. Terminal ports 
ATN+EOI odo raies Lach ets| 

Operating free-air temperature, Ta 6) 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


TEST CONDITIONS 
Pe Gee: 


IoOH = —5.2 mA 
ATN+EOI} IoH = —400 pA 
Terminal lol = 16 mA 
lo. = 48 mA 
ATN+E0OI] lot = 4mA 
Input current at Terminal? | Vj = 5.5 V 


maximum input voltage ATN, EO! Vy; = 5.5 V | Sarena 


Terminal, 
‘ 7 Vi = 2.7 V 20 
High-level input current control 


ATN, EOI A Nee Se 
Terminal, 


High-level output voltage 


Low-level output voltage 


” 
hen 
® 

= 
® 

i?) 
® 

cc 

—“ 
” 
he 
® 

Sr 
he 

oO 
® 

= 

~ 


Low-level input current control 
ATN, EO! 


Vi/O(bus) Voltage at bus port 


(bus) = —12 mA 


Vi(bus) = —1.5Vto0.4V [-1. 
Vi(bus) = 0.4 V to 2.5 V 


Driver disabled |Vj(pus) = 2.5 V to 3.7 V 


Vi(bus) = 5 V to 5.5 V 0. 
Power off} Vcc = 0, Vi(bus) = 0 V to 2.5 V 


Terminal 


\/O(bus) | Current into bus port 


Short-circuit output current 


ATN+EO 
icc Supply current No load, TE, DC, and SC low 
Vec = 5Vto OV, 


Ci/o(bus) | Bus-port capacitance Vio = Oto 2 V, f = 1 MHz 


T All typical values are at Vec = 5 V, Ta = 25°C. 
Von applies for three-state outputs only. 
8 Except ATN and EO! terminal pins. 
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SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


switching characteristics, Vcc = 5 V, CL = 15 pF, Ta = 25°C (unless otherwise noted) 


TEST 
PARAMETER TO MIN ‘YP MAX | UNIT 
CONDITIONS 
Propagation delay time, 
ence r ae. 
low-to-high-level output ; Ci = 30 pF, 
- : Terminal 
Propagation delay time, See Figure 1 
tPHL _,. 4 2 
high-to-low-level output 
=e CL = 30 pF 
Terminal (sna, NDAc} “tS P* 29 3 
See Figure 1 
NRFD) 
10 
15 


low-to-high-level output ee Cy = 30 pF, 
high-to-low-level output 


Propagation delay time, 


t 
PLH low-to-high-level output 


0 
0 
5 
20 
22 
60 
45 


Terminal ATN 
Propagation delay time, Ay : 
: or ATN+E0O! See Figure 3 
low-to-high-level output A 
Terminal EOI 
Ly : Ce as Terminal ATN 
ropagation delay time, 
= tPHL : oe if or ATN+E0OI See Figure 3 
@ high-to-low-level output : 
Terminal EOI 
i) t Output enable time to high level BUS 
=, PZH TE, DC 
< tpHz Output disable time from high level PIE (ATTN, EOI, ; PS yee Oe 
@O - or See Figure 4 
oy tpz_ Output enable time to low level SC REN, IFC, Baw ase F 
ee it Output disable time from low level and DAV) 
PLZ 
AJ | tpzH Output enable time to high level — Sas PEIN 
t Output disable time from high level i : Se on erg 
2 eMe : - 2 or Terminal See Figure 5 
a tpz_ Output enable time to low level SC Ei Be Ae TS 
< t Output disable time from low level 
@ Piz 
=| 
7) 
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SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 
5V 43V 


FROM (TERMINAL) 


FROM (BUS) 
OUTPUT UNDER TEST POINT OUTPUT UNDER TEST POINT 
TEST TEST 
CL=30pF Sygo0 C_ = 30 pF a 
is (See Note A) ‘ (See Note A) 
LOAD CIRCUIT LOAD CIRCUIT 


——-—--3V 
TERMINAL $ BUS 
INPUT 15V 1.5V INPUT 15V 15V 
| (See Note B) | ov | (See Note B) | ov 


tPLH—e-> "PHL i tPLH—fe->} tPHL—je—>| 
' 


A POR Y ann 

BUS 2.2V | es TERMINAL tr asi = 
OUTPUT bee OUTPUT 1.5V 15V 2 
VOH VoL 3 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS E 

FIGURE 1. TERMINAL-TO-BUS FIGURE 2. BUS-TO-TERMINAL O 
PROPAGATION DELAY TIMES PROPAGATION DELAY TIMES o 

P. 

"oa 

Q 

® 

£ 

wal 


Te PEL gf ae sabre San ine cose Re PRR L 2 AEST  ADeS SeS Seem hy 
POINT Vec TERMINAL 
| OV 


2k2 | 
tPLH—he-p tPHL he 


| t= an 


ATN+EOI 
VOLTAGE WAVEFORMS 
(See Note A) (See Note c) 


LOAD CIRCUIT 
FIGURE 3. ATN+EOI PROPAGATION DELAY TIMES 


NOTES: A. Cy includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 


tf <6 ns, Zout = 50 2. 
C. All diodes are 1N916 or 1N3064. 
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SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


$1 $1 
Om SV O—4.3V 
FROM (BUS) FROM (TERMINAL) 
OUTPUT UNDER TEST POINT OUTPUT TEST POINT 
TEST UNDER TEST 
C, = 15 pF 
| igen aha a oe ee 
(See Note A) 
LOAD CIRCUIT LOAD CIRCUIT 
Saye BY 2) saan oi3, Bak (open 5 eet SF ome are Ration Ree tee 3V 
CONTROL CONTROL / \ 
Kisv Wisv sear ee 1.5V 15V 
INPUT (See Note B) U / (See Note B) | 
— ee ee JS | ———=— OY seo hg Salt gs tat as ee lag Ras ee Sn es Ov 
tpPzH ee tpeHZz— tPZzHa> + tPHZ— 
oa BUS See areas ee RS VOH TERMINAL | | ee enn Vienne 
es 90% 90% 
| OUTPUT | OUTPUT 
© $1 OPEN a S1 OPEN AY 
) tPzL—he tpLz—he-my tte tPzaL> tPLZ—p| : 
= 3. 
~ t BUS TERMINAL ah 
oO OUTPUT bey OUTPUT 
= $1 CLOSED LOSED 
a VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
FIGURE 4. BUS ENABLE AND FIGURE 5. TERMINAL ENABLE 
< DISABLE TIMES AND DISABLE TIMES 
© 
PP; NOTES: A. C, includes probe and jig capacitance. 


B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
te <6 ns, Zoyt = 500. 
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SN75164B 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


VOH—High-Level Output Voltage—V 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


0 -5 -10 -—15 —20 -25 -—30 -35 —40 0 10 20 30 40 50 60 
IOH—High-Level Output Current—mA lo —Low-Level Output Current—mA 
FIGURE 6 FIGURE 7 


TERMINAL OUTPUT VOLTAGE 
vs 


” 
ca 
® 
A 
7) 
a) 
® 
cc 
— 
Oi 
hee 
© 
ee 
thes 
QO 
© 
BUS INPUT VOLTAGE = 


Vo—Output Voltage—V 


0 ean eae (Oe 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 1.8 2.0 


V;—Input Voltage—V 


FIGURE 8 
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OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 
0 10 20 30 40 50 60 70 80 90 100 


IOH—High-Level Output Current—mA lo —Low-Level Output Current—mA 
FIGURE 9 FIGURE 10 
BUS OUTPUT VOLTAGE , BUS CURRENT 
vs vs 
TERMINAL INPUT VOLTAGE BUS VOLTAGE 


siantaoey/sieauq oul ie 


SANS sal 
AN 


& 
¢ INNWWES 
: E UNWsv _ |_ &G 
; eet Nea i ade es al SN 
A id VIP AB BR\\ 
is 2 IN | LT N¥WWGG 
* = Neead. THE UNSHADED 
AREA CONFORMS TO 
S PARAGRAPH 3.5.30F 
neater STANDARD qicnet ead 
OS. 10 ts ARE AGE NA SPSL AT cael as ten, Soa o.. =6 
V i—Input Voltage—V | V1/O(bus)—Bus Voltage—V 
FIGURE 11 FIGURE 12 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


D2596, OCTOBER 1980—REVISED SEPTEMBER 1986 


J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Meets EIA Standards RS-422-A and RS-485 


Meets CCITT Recommendations V.11 and 
X.27 


@ Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 


3-State Outputs 


' 
5 
! 


@® Common-Mode Output Voltage Range of . 
-7Vto12V 
@ Active-High and Active-Low Enables 
@® Thermal Shutdown Protection 
® Positive- and Negative-Current Limiting 
@ Operates from Single 5-V Supply 
@ Low Power Requirements 
nd 
@ Functionally Interchangeable with o 
AM26LS31 2 
8 
description KR 
The SN75172 is a monolithic quadruple differential line driver with three-state outputs. It is designed to Oo 
meet the requirements of EIA Standards RS-422-A and RS-485 and CCITT Recommendations V.11 and o 
X.27. The device is optimized for balanced multipoint bus transmission at rates of up to 4 megabaud. 2 
Each driver features wide positive and negative common-mode output voltage ranges making it suitable oO 
for party-line applications in noisy environments. a 
The SN75172 provides positive- and negative-current limiting and thermal shutdown for protection from £ 
line fault conditions on the transmission bus line. Shutdown occurs at a junction temperature of 
approximately 150°C. This device offers optimum performance when used with the SN75173 or SN75175 
quadruple differential line receivers. | 
The SN75172 is characterized for operation from O°C to 70°C. 
logic symbolt FUNCTION TABLE (EACH DRIVER) 
INPUT | 
cok kaa: SS 
H = high level, L = low level : 
X = irrelevant, Z = high impedance (off) | 
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
PRODUCTION DATA documents contain information ‘ Copyright © 1980, Texas Instruments Incorporated 
current a of publication date Product conform t Texas VW 
specifications per the terms 
d . Producti ing d t 4-319 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


logic diagram (positive logic) 


® 
ue schematics of inputs and outputs 
= EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
@ 
O 
~ Req 
a 
@ 
'?) 
2, 
< OUTPUT 
@ 
= 
“ 

Data inputs: Reg = 3 k2 NOM 

Enable inputs: Reg = 8 kQ NOM 

TE a 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


ERB SE PSL NSIS NEES LD ELEN GEE GH WEEN E BN ES TTP Ee IE EEE LEAL I ALBIS DOES LEST EP i eas De LED EEE AB DTT RE EEE TT SEL SIE TEES GEE LEE BOREL ENE DNL ATE PIE LD ESSAI 
absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Er aC TO eR caf OR ASA ea crea Ps RRO TES 5 ag Ne PR PRN tO PT DCT ee See WD eae gc TH 
PEM WRN a atte en ge piece ee oe Stan em e o Ee oa En Ghia hl lee Pare Reale aed 5. 5¥ 
Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 2): J package ...............- cee e eee eees 1375 mW 
We NE 80 ooh es we Dee ee 1150 mW 
Operating Trme-ai tainmetauie 6... bce cos i sk oe SRY Os a Pee eo OC to 7G< 
Soar tbey Ceara ARE ATCT ho 2 fg ips a daha ee a Wee te Gna egies eS See -~65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate the J package to 880 mW at 70°C at the rate of 11.0 mW/°C and 
the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. In the J package, SN75172 chips are alloy mounted. 


recommended operating conditions 


Operating free-air temperature, Ta 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER 
ViK Input clamp voltage 
Vo Output voltage 


\Vop1| Differential output voltage 


\Vop2| ‘Differential output voltage 


VobD3 Differential output voltage 


AlVop! Change in magnitude of 
OD differential output voltage* 


Voc Common-mode output voltage $ R_ = 542 or 100 Q, See Figure 1 


AlVoc| Change in magnitude of 
common-mode output voltaget 
=I ESI 
Vo = 7 Vw TV 


iH High-level input current Vi = 2.7 V 
He Low-level input current 


Short-circuit output current 


MIN TyPt MAX | UNIT 


TEST CONDITIONS 


’% Vop1 


RL = 100 Q, See Figure 1 


Ri = 54Q, See Figure 1 


See Note 3 


ad 
o 
oO 


ws 
o 
ae 
o 
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+0. 2 
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pA 
pA 
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< 

oO 

Oo 

a ee 
mt oy. ae ee 
Oo] wy |= w 


w 
oO 
fe?) 
2) 


+10 


= 
l 
° 
oO 
< 

= 


< 
2) 
Il 
| 
~N 
< 


3 


< 
(2) 
| 

< 
2) 
ie) 


los 


Suppl t (all drivers) Nd load Outputs enabled 
u curren a rivers 
ei Outputs disabled 


t All typical values are at Vec = 5 Vand Tag = 25°C. : 

t A|Vop| and A|Vgc| are the changes in magnitude of Vop and Vgc, respectively, that occur when the input is changed from a high 
level to a low level. 

8 in EIA Standard RS-422-A, Vgc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos: 

NOTE 3: See EIA Standard RS-485 Figure 3-5, Test Termination Measurement 2. 
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YW/SAQAUG 98Ult 


_ 
oe 


40 


SAIDAIBIG 


SYMBOL EQUIVALENTS 


DATA SHEET PARAMETER RS-485 
Vo , 
Vt (RL = 54 2) 


V+ (Test Termination 
Measurement 2) 


| [Vel —[Vel | 
| Vos bia Vos | 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


switching characteristics, VCC = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN F 


Differential-output delay time 


R 54 Q), See Figure 2 


Ae 
RL = 1102, See Figure 3 0 
Ri = 1109, See Figure 4° 45 
RL = 1102, See Figure 3 7a- 19 


See Figure 4 


tpLz Output disable time from low level RL = 1102 


C,. = 50 pF 
(See Note B) 


GENERATOR 
(See Note A) 


I 


” 
he 
o 
Zz 
® 
oO 
® 
ce 
— 
n 
hen 
® 
4 
= 
OQ 
® 
£ 
— 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr < 5 ns, ts =< 5.ns, PRR <= 1 MHz, duty 


cycle = 50%, Zp = 502. 
B. Cy includes probe and stray capacitance. 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


GENERATOR 
(SEE NOTE A) 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


OUTPUT 


Rp = 1109 


= (SEE NOTE C) == 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3. tpzH AND tpyz 


c. 
a 
@ 
O 
one 
< 
@ 
= 
” 
~ 
> 
GENERATOR 0.5V 
€ . CL = 50 pF OUTPUT "iain 
©. -gaieinton L———— disce NOTE B) oF raligc 
< , VOL 
@ 3V 
7) = (SEE NOTE C) — 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 4. tpz_ AND tpiz 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: ts < 5 ns, tj < 5.ns, PRR < 1 MHz, duty 
cycle = 50%, Zoyt = 502. 
B. Cy include probe and jig capacitance. 
C. To test the active-low enable G, ground G and apply an inverted waveform to G. 
EXAS i 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


» 


VOH—High-Level Output Voltage—V 
N 
o Now wo 


ap CR) 


0 -20 -40 -60 -8:0 
High-Level Output Current—mA 


FIGURE 5 


DIFFERENTIAL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


Vpp — Differential Output Voltage—V 
N 


0.5 


io — Output Current—mA 
FIGURE 7 
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Vo_—Low-Level Output Voltage—V 


lo — Output Current—pA 


-40 
- 50 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


0 
0 20 40 60 80 100 120 
lo_—Low-Level Output Current—mA 


FIGURE 6 


OUTPUT CURRENT 
vs 
OUTPUT VOLTAGE 


50 


40 


eee ee SA 
ee 057 i 2a 
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-25-20-15-10-5 O 5 
Vo—Output Voltage—V 


FIGURE 8 
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SN75172 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 
100 
90 No Load, 
Outputs Enabled Inputs Open 
< 80 | Ta = 25°C <q Output Disabled 
F 96 7 Ta = 25°C 
© 60 3 
CTT 
a 
& 40 y INPUTS = 
on a 
| 30 | 
g : 
| _ — 
5 20 
10 
9 
sem r@) 
< 
s Vcc—Supply Voltage—V Vcc—Supply Voltage—V 
— 
S| FIGURE 9 FIGURE 10 
© 
© 
&. 
S TYPICAL APPLICATION 
Ov 
1/4 SN75173 1/4 SN75174 
1/4 SN75173 1/4 SN75175 
UP TO 32 
DRIVER/RECEIVER PAIRS 
ee @ 
1/4 SN75172 1/4 SN75173 1/4 SN75173 1/4 SN75174 
NOTE A: The line length should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept 
as short as possible. 
FIGURE 11 
TEXAS ap 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


D2600, OCTOBER 1980—SEPTEMBER 1986 


Meets EIA Standards RS-422-A, RS-423-A, D, J, ORN 
and RS-485 DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


@ Meets CCITT Recommendations V.10, 
V.11, X.26, and X.27 


@ Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 


3-State Outputs 


Common-Mode Input Voltage 
Range... —12 to 12 V 


Input Sensitivity ... +200 mV 
Input Hysteresis .. . 50 mV Typ 
High Input Impedance... . 12 kQ Min 


Operates from Single 5-Volt Supply 
Low Power Requirements 


Plug-In Replacement for AM26LS32 


description 


The SN75173 is a monolithic quadruple 
differential line receiver with three-state outputs. 
It is designed to meet the requirements of EIA 
Standards RS-422-A, RS-423-A, and RS-485 
and several CCITT recommendations. The 
device is optimized for balanced multipoint bus 
transmission at rates up to 10 megabits per 
second. Each of the two pairs of receivers has logic diagram (positive logic) 
a common active-high enable. The device 


n 
doe 
o 

ts 
® 
oO 
® 

cc 

— 
2) 
tes 
© 
> 

oo 

QO 
® 

= 
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(4) 


features high input impedance, input hysteresis G 

for increased noise immunity, and input g it2) 

sensitivity of +200 millivolts over a common- 

mode input voltage range of — 12 to 12 volts. 1A 

The SN75173 is designed for optimum 1Y 
performance when used with the SN75172 or 1B 


SN75174 quadruple differential line drivers. 


The SN75173 is characterized for operation from 
O°C to. 70°C. 2B 


Copyright © 1980, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information > 
ssctncwtans net the tues o Tren earmaet Texas W 
speci 
dard . Producti ing d 4-327 
seeeetiy insiade tanitg eae. INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


FUNCTION TABLE (EACH RECEIVER) 


DIFFERENTIAL ENABLES OUTPUT 


H = high level 

L = low level 

X = irrelevant 

? = indeterminate 

Z = high-impedance (off) 


schematics of inputs and outputs 


C. ~~ 

s EQUIVALENT OF A OR B INPUT EQUIVALENT OF G OR G INPUT TYPICAL OF ALL OUTPUTS 
i) 

g 

< Vcc 
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e OUTPUT 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


RES aL ED TL TE EL SEES ETE EE SELES LIL IE ELL 2s SOE OA UI SETAE ES SOG SEIN Ss ENE ERTS SOL TREES 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SHE Vont ere, Mri (Se NCEE aE yg ie Sy 5-5 a Sure nates A hau eM iene o hg od oa dO a eke oa re": 
paar s PARE ISIS PO ACS ST oe eases neriialh sa ona ey ee EB elon +25 
Differential input vonage dsdecNote- 2) i 0 ae ee Ee eel ce Ob te +26:V 
Enaiie Wit WOMNMEO ele t Sura. viet oa Ss oo area ee See plo eT een Peete ee et ah rh a ee 7V 
fin W Se nme eUEE CAMB ONTE- O7 Gr 9A ct 2 en Ve ED GC RL id vm nk wp ew hie oe Te eee PS we 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

LF -PRGRMUD © too igs iek sues CTT wae tra ek Die gees Ss esa eee hehe aes aedetamore en ies 950 mW 

BOB bor ts 8 RON MR Re SD SIE CIS SEG GIN I MRS OE ART gO ASMA 2 Det 1025 mW 

UR oo RR PR 2 Se RPE DS CN AY A i ast i oi ie SR RR. ee tpi apace ise 1150 mW 
Operating free-air temperature range cco a). piano esas be ets iets « a bere ine O°C to 7O2G 
Sree AU MeMereerNrD RENNCREE fare soe che nae gS duwicsabelia § Ss 5 eo eiecw WEAR LS woh Uoapearve -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the 
J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 
In the J package, SN75173 chips are glass mounted. 


recommended operating conditions 


Supply voltage, Vcc 4.75 : 
Common-mode input voltage, Vic 


Differential input voltage, Vip TZ 


High-level output current, IOY 


Low-level output current, [OL aS a 
Operating free-air temperature, Ta 
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, SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
VT Differential-input high-threshold voltage | Vo = 2.7 V, lo = -0.4 mA V 
VT Differential-input low-threshold voltage | Vo = 0.5 V, lo = 16 mA 


Vays Hysteresis § RRR AE i, 
Vo High-level output voltage Vip = 200 mV, lon = —400 pA 2:7 = ae 


H 
. 
K 
H 
Lon es GREER 
L Low-level output voltage Vip = —200 mV, = = 0 Te ae a 
Z 
Ss 
Cc 


Vv 
es V 
- V 
lo High-impedance-state output current Vo = 0.4Vt0o2.4V +20 
ag OtherinputatOV, [v= t2v | 
lj Line input current 
See Note 4 iE ea ats REO S 
NH High-level enable-input current Vin = 2.7 V BoGeee se, 
Ne Low-level enable-input current Vi_ = 0.4 V 
i 
O 
C 


2 es ee Py Na can ea ate | 
| Supply current Outputs disabled Peo See CE RCS 


t All typical values are at Vcc = 5 V, Ta = 25°C. 

+ The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for threshold 
voltage levels only. 

8 Hysteresis is the difference between the positive-going input threshold voltage, Vt 4, and the negative-going input threshold voltage, 
VT —. See Figure 4. 

{Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 

NOTE 4: Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 
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switching characteristics, Vcc = 5 V, TA = 25°C 


Vig= -1SVt18V, C= 15eF | 20 35] ns 
See Figure 1 ees BE Bo 
[ezH Output enable time tohigh evel == CL = 15 F,——~=iwS ee igure? | it~ | ns 
= 

i a 

| Tre 


SISAIBIIO 


tpz_ Output enable time to low level Ci = 15 pF, See Figure 3 oT SE 
tpyz Output disable time from high level CL = 5 pF, SeeFigue2 {| |= 21 30_ 
tp_z Output disable time from low level Ci = 5 oF, See Figue3 | = 30 40 | 
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— $N75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 


GENERATOR 
(See Note A) 


(See Note B) 


2V = 

TEST CIRCUIT 
FIGURE 1. tpLH. tPHL 
4 ‘. OUTPUT $4 
1.5V 2 kQ 

i | 
i : 
| i 
1 j (See Note 
| : B) (See Note C) 
L ad 


GENERATOR 
(See Note A) 


(See Note D) 
50 2 


TEST CIRCUIT 
FIGURE 2. tpHz. tPZH 


VOLTAGE WAVEFORMS 


—_— —3V 
INPUT 1.3V 1.3V 
1 —-O0V 
tPZH >It tpHz-l ie 
0.5V 
OUTPUT ~— 
S10 1.3V g; $1 closed 
pen 


VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, 


tr = 6ns, te <= 6ns, Zoyt = 502. 
. Ci includes probe and jig capacitance. 
. All diodes are 1N916 or equivalent. 


008 
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. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
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~ §N75173 


QUADRUPLE DIFFERENTIAL LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 


as Sa 
4 
i 
\ 


ee 


GENERATOR 
(See Note A) 


Vcc 
INPUT 
| ‘ 
$2 bee. gk > le tPiz 
| | $2 closed 
OUTPUT 1.3V | =14V 


ae; YOL 


Fr. TEST CIRCUIT VOLTAGE WAVEFORMS 
= 
® FIGURE 3. tpzL, tpLz 
9 
< NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, 
@ tr = 6 ns, tf <= 6 ns, Zout = 50 Q, 
” B. C,_ includes probe and jig capacitance. 
eel C. All diodes are 1N916 or equivalent. 
ro) D. To test the active-low enable G, ground G and apply an inverted input waveform to G. 
'?) 
z. TYPICAL CHARACTERISTICS 
© OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
” vs vs 
DIFFERENTIAL INPUT VOLTAGE HIGH-LEVEL OUTPUT CURRENT 
5 
aie i 
s > 
nee : 
| 6 
pele 5 
ie] ~ 
Bee 
> | 
~ © 
| acs 
pest $ 
ie § 
| $ 
Bee ad i 
led I : 
2) 
> 
) MOSSE AS TEE RE Pee: ec RE 
-125 -75 -25 0 25 50 75 100 125 0 -10 —20 -30 - 40 -50 
Vip— Differential Input Voltage—mV IoH—High-Level Output Current—mA 
FIGURE 4 FIGURE 5 
+ 4s 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


VOH—High-Level Output Voltage—V 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature— °C 


FIGURE 6 FIGURE 7 
LOW-LEVEL OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE ENABLE G VOLTAGE 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE 
VS 
LOW-LEVEL OUTPUT CURRENT 


VoL_—Low-Level Output Voltage—V 


lo_—Low-Level Output Current—mA 


Line Drivers/Receivers 


Vip = 0.2 V 
Load = 8 kQ to ground 


> 

© 

d ; 

> 

= © 
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> 

10 20 30 40 50 60 70 80 . 
Ta—Free-Air Temperature — °C V;—Enable G Voltage—V 
FIGURE 8 FIGURE 9 
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SN75173 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


ANUS 
IN AANSPTL 
NNN 


OUTPUT VOLTAGE 
vs 
ENABLE G VOLTAGE 


Vip = -0.2V 
Load = 1kQ2 to Vcc 


ei < 
Be E 
: ! op 
3 INN a2 4ene 
> : NW 
ee | ea NNN 
a. ~ 
5 a BRN ANA 
° = ~ 
© 1 A\ LN 
> = THE UNSHADED 
AREA CONFORMS TO 
FIGURE 3.2 OF 
\ EIA RS-485 
‘MOG ai S2° 0nr2 SE Oe 8 10 12 
V;—Enable G Voltage—V Vi—Input Voltage—V 
FIGURE 10 FIGURE 11 
TYPICAL APPLICATION 

1/4 SN75172 1/4 SN75175 


UP TO 32 
DRIVER/RECEIVER PAIRS 


1/4 SN75173 1/4 SN75174 


1/4 SN75172 1/4 SN75173 1/4 SN75173 1/4 SN75174 


NOTE 4: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER = 


D2601, OCTOBER 1980—REVISED OCTOBER 1986 


Meets EIA Standards RS-422-A and RS-485 J OR N DUAL-IN-LINE PACKAGE 
and CCITT Recommendations V.11 and (TOP VIEW) 
X27 


@ Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 


3-State Outputs 


@® Common-Mode Output Voltage Range of 
-7Vto12V 
® Active-High Enable 
@ Thermal Shutdown Protection 
FUNCTION TABLE (EACH DRIVER) 
@ Positive- and Negative-Current Limiting 
| OUTPUTS | 
@ Operates from Single 5-V Supply INPUT | ENABLE meses 
@ Low Power Requirements H yk 
L | H 
@ Functionally Interchangeable with MC3487 7/2 
description H = TTL high level, 
L = TTL low level, 
The SN75174 is a monolithic quadruple X = irrelevant, 
differential line driver with three-state outputs. Z = High impedance (off) 


It is designed to meet the requirements of EIA 

Standards RS-422-A and RS-485 and CCITT 

Recommendations V.11 and X.27. The device 

is optimized for balanced multipoint bus transmission at rates up to 4 megabaud. Each driver features wide 
positive and negative common-mode output voltage ranges making it suitable for party-line applications 
in noisy environments. | 
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The SN75174 provides positive- and negative-current limiting and thermal shutdown for protection from 
line fault conditions on the transmission bus line. Shutdown occurs at a junction temperature of 
approximately 150°C. This device offers optimum performance when used with the SN75173 or SN75175 
quadruple differential line receivers. 3 


The SN75174 is characterized for operation from O°C to 70°C. 


logic symbolt logic diagram, each driver (positive logic) 
1,2EN y 
A 
1A 
EN 


2A 


3,4EN 


3A 


4A 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


ee it a cocuoeats conte —, Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to xi é 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


ries 5 Vcc 
Req 
OUTPUT 
Data Inputs: Reg = 3 k2 NOM ee ge bik GND 
Enable Inputs: Reg = 8 kQ NOM 


fe 

=| 

@ 

0 

= 2 

< 

@ 

a 

si absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

8 SEY, VOIGOG, etek SBOUSINOIO = $4cc oa sy gk a rok ak ko OS Teeny EP a eck Teach aay eee oete hae iv 

©. EE ES 0 pee Soh) RE TL Ss adh SA: Cie iegineete SGP oh Pa iMpaa ene er UAT a Mer ep ARH dt teh 5.5 V 

5 Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

w BE, Ts Rat on ea a aN aad Pa es ray iim Sree adh CoS eA ae tle & te pis ogee tale 1375 mW 

PERRO nyse Ana sutk a eS Rt se Pa a ets hE 5S ARRTR sais Pee oa 1625 mW 

Operating. tree-ar- temperature:s i... 6 SS es CR Mle er le ea es el a O°C to:70 °C 
ITS 7 GIN R TU ROG er «biden tia ARN OF oe dda Wl Pat Sa Foe arabe uote ee —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............ aa PC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............ 260°C 


NOTES: 1. All voltage values are with respect to the network terminal. 
2. For operation above 25°C free-air temperature, derate the J package to 880 mW at 70°C at the rate of 11.0 mW/°C and 
the N package to 1040 mW at 70°C at the rate of 13.0 mW/°C. 


recommended operating conditions 


Operating free-air temperature, Ta 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 
Pe ee oe 


| Vik ss Input clamp voltage = si clamp voltage —-18 mA 

a Vi_ = 0.8 V, 
IOH = 28 mA 

VIH_ = ViL = 0.8 V, 
lo. = 33 a 


High-level output voltage 


Low-level output voltage 


| NOs, Ouipavelage iF voltage 


TVopiT —bieretat ont voRap be a eT 


= Vv 
i ‘ = 100 2, See Figure 1 ab 
\Vop2!| Differential output voltage 


AlVop| Change in magnitude of 
OD differential output voltage+ 


Change in magnitude of 


AlVoc| +0.2 


common mode paso voltage* 


ee eee ee et 

Foz ___High-impedance-state output current | Vo = -7Vto12V———SSCSC~S SSCS | WA 

if. ieee Neer cp tT ee 
Vo = -7V 

los Short-circuit output current Vo = Vcc 


Vo =12V et ne eee 
| Supply current (all drivers) No load Gutputs enabled Ween TE 3 PE 
: eS Oututs disabled 


T All typical values are at Vcc = 5 V and Ta = 25°C. 

*A|Vop| and A|Voc| are the changes in magnitude of Vop and Vgc, respectively, that occur when the input is changed from a high 
level to a low level. 

NOTE 3: See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2. 


+3 
Voc Common mode output voltage RL = 54Q0r 1000, See Figure 1 ames 


switching characteristics, VCC = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS TYP MAX UNIT 


ee a aes 
BARE SIE 
oe cE eS 
[ez Output eneble tine low teed J RL = 110-0, see Figure so 
PipHz — Outut disable time rom high evel | Fr = 1100, See Figue S| 78118 | ne 
tp_z Output disable time from low level Ry = 110.0,.-SeeFigue4 | |... 18, 80] ons] 
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SN75174 3 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


SYMBOL EQUIVALENTS 


V+ (Test Termination 


| Vos rd Vos | 


|Vop2| 


| |Vop3! 


rc. 
4 f RL 
2 
9 Vob2 
ie nt Voc 
@ 
= 
” = 
— 
a 


FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 


SIDAIBINO 


RL = 


OUTPUT 
54 0 JUTPU 


GENERATOR 
(See Note A) 


(See Note B) 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteritics: tp < 5 ns, te < 5 ns, PRR < 1 MHz, 
duty cycle = 50%, Zp = 50 2. 
B. Cy, includes probe and stray capacitance. 


FIGURE 2. DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


Rt = 1100 


GENERATOR 
(See Note A) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. tpzH AND tpyHz 


5V 


RL = 1102 
OUTPUT 


INPUT 


GENERATOR 
(See Note A) 


sogl __ — — — (See Note B) 


OUTPUT BY 
— —_ e — VoL 
TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 4. tpz_ AND tpiz 
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NOTES: A. The input pulse is supplied by a generator having the following characteritics: PRR < 1 MHz, duty cycle = 50%, t, < 5 ns, 
te = 5ns, Z> = 5020. 
B. C, includes probe and stray capacitance. 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
Vo_—Low-Level Output Voltage—V 


0 -20 -40 -60 -80 -100 -120 


SIBAIBDOY/SIOAUG 8UIT FS 


High-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 5 FIGURE 6 
DIFFERENTIAL OUTPUT VOLTAGE OUTPUT CURRENT 
vs vs 
OUTPUT CURRENT OUTPUT VOLTAGE 


Output disabled 
Ta = 25°C 


Vec = OV cre 
, ecco 
hpewoe eset aye | 
Mi Vid oaks 


0 10 20 30 40 50 60 70 80 90 100 -25-20-15-10-5 O 5 1015 20 25 
io — Output Current—mA Vo—Output Voltage—V 


FIGURE 7 FIGURE 8 


lo — Output Current—pA 
° 


Vop-— Differential Output Voltage—V 
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SN75174 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 
100 


Outputs Enabled Input Open 


Output Disabled 


INPUTS OPEN 


INPUTS 
30 GROUNDED 


Iicc—Supply Current—mA 


icc—Supply Current—mA 
=n are 


0 1 2 3 4 5 6 7 8 
Vcc—Supply Voltage—V Vcc—Supply Voltage—V 
FIGURE 9 FIGURE 10 
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TYPICAL APPLICATION 


1/4 SN75172 1/4 SN75174 


1/4 SN75175 


1/4 SN75173 
UP TO 32 


DRIVER/RECEIVER PAIRS 
6 8 °® 


1/4 SN75172 1/4 SN75173 1/4 SN75173 1/4 SN75174 


NOTE: The line length should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept 
as short as possible. 


FIGURE 11 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


D2602, OCTOBER 1980—REVISED SEPTEMBER 1986 


Meets EIA Standards RS-422-A, RS-423-A, D, J, OR N 
and RS-485 DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


@ Meets CCITT Recommendations V.10, 
V.11, X.26, and X.27 


@ Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 


3-State Outputs 


@ Common-Mode Input Voltage Range 
-12Vto12V 
@ Input Sensitivity ... +200 mV 
@ Input Hysteresis ... 50 mV Typ logic symbolt 
@ High Input Impedance... 12 kQ Min Reh 
@ Operates from Single 5-Volt Supply 
@ Low Power Requirements is 
@ Plug-in Replacement for MC3486 2A 


2B 
description 
3,4EN 


The SN75175 is a monolithic quadruple 
differential line receiver with three-state outputs. 
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It is designed to meet the requirements of EIA = 

Standards RS-422-A, RS-423-A, and RS-485 ‘ce 

and several CCITT recommendations. The Pe 

device is optimized for balanced multipoint bus 

transmission at rates up to 10 megabits per T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
second. Each of the two pairs of receivers has lEC Publication 617-12. 


a common active-high enable. Os ak ae, ; 
logic diagram (positive logic) 

The receivers feature high input impedance, 

input hysteresis for increased noise immunity, 1,2EN 

and input sensitivity of +200 millivolts over a 

common-mode input voltage range of 

+12 volts. The SN75175 is designed for 1A 

optimum performance when used with the 

SN75172 or SN75174 quadruple differential line 

drivers. 


The SN75175 is characterized for operation from 
0°C to 70°C. a 


FUNCTION TABLE (EACH RECEIVER) 


OUTPUT 


3,4EN 


4A 

H = high level, L = low level, ? = indeterminate, 

X = irrelevant, Z = high impedance (off) 4B 
PRODUCTION DATA documents contain information - Copyright © 1980, Texas Instruments Incorporated 
core as of comagriegs date. Hwee conform to Ti i] 
specifications per the terms of Texas Instruments Ri3 
standard sibel Production processing does not | EXAS 4-343 
necessarily include testing of all parameters. NSTRUMENTS 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


schematics of inputs and outputs 


EQUIVALENT OF EACH A OR B INPUT EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL OUTPUTS 


Vcc 
85 2 NOM 
Vcc 


OUTPUT 


rt absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

- SiO VOIaOG, VIC. (SRG MOte <1 Pos foc ok eo ao dca Sales OS ee EA ole LP ee ae 7V 

ws) Pay fae ERG AP OSE CR ISIE hr SB esas koh ee da Ron OL i A Ro a Ro a Pe le Dire Ob Es agrees ee WV. 

. Dirrererntianinpe-vounomusee MNOIG 2). 05-2. OV loess Poe bie la ee Tee ee eek. SB +25 V 

m= SEE SUIS TORN AACR EREE San won mabe eat | ox och kv a GAT A oe be Ot A Ades nce CIR ee band 7V 

oO PoC NNW Gat EELS EE CHEER NE ee 2 te oss lane ea di wia. 08 a wd a nits eee aba alte oe ea teen. 50 mA 

gr Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

 ») 

oO TIAGO sige es ch 6 PR Sg wes 5S) un SEER ae Oke Sade eh eye ee eee CoS 950 mW 

2 SRR MI Pini SER ao aoe ie a ee 6, Ngae Lk OPE Ee ie Oak ae hae to ene ae 1025 mW 

Ze Pe cP Sew Dies OM Sera cen, GP nis 5 dun WB Wash EVAN nce ck basen ae abhi wemcic aman 1150 mW 

@ CnSraring a1e@e-al 1ermmerncure TANGE % bs fos) s soda ww scat cw cal vw are oe ee 08-10. 70°C 

” SRRNrrne ONT TS VER MENT ENE CAE EIEIO 6 Enh 5 1 crn “Hn Sw ne Seda A we bia, we es —65 °C to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds: J package ............ — 300°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: D or N package ........ ~260°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/°C, the 
J package to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 
In the J package, SN75175 chips are glass mounted. 
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| | SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


recommended operating conditions 


Re ee eee ee ee ee 


High-level enable input voltage, Vj} 


Low-level enable input voltage, Vj, 


High-level output current, IQH 
Low-level output current, Io. 


Operating free-air temperature, Ta 6) 


electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


Differential-input high-threshold 
TH Vo = 2.7 V, lo = -0.4 mA 0.2 V 
voltage 
Differential-input low-threshold 
VTL Vo = 0.5 V, ‘lo = 16 mA -—0.2+ 
voltage 
= 


< 


V 
v Enable-inpat clamp voage [| W=—18mA s[ Vv 
V 


< 


—18 mA 


< 


<= 


H High-level output voltage Vip = 200 mV, IOH = —400 pA, See Figure 1 oF ey 
L 


50 
iK =]. 
O 
Vo Low-level output voltage Vip = —200 mV, See Figure 1 - 
iol = 16 mA 
Other input at O V, Vp SIV 
| Line input current mA 
See Note 4 eA eae FE 
2 
S 
C 


lH High-level enable-input current Vin = 2.7 V¥ ae urs SOT aes 
He Low-level enable-input current Vit = 0.4 V 
i 
c 


2 
> 


High-impedance-state 
Vo = 0.4Vto2.4V O 
output current 


O 
| 
| 


a ade ee ee ee eee ee 
| Supply current Outputs disabled 


T All typical values are at Vcc = 5 V, Ta = 25°C. 

+The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold 
voltage levels only. 

8 Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 
V7 —. See Figure 4. 

{Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 

NOTE 4: Refer to EIA standards RS-422-A, RS-423-A, and RS-485 for exact conditions. 


switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
c Propagation delay time, low-to-high-level output 22 35 
PLH pag y g P Cy = 15 pF, See Figure 2 cree 
tPHL Propagation delay time, high-to-low-level output 
t Output enable time to high level 13 30 ns 
PZH 2 g Ci = 15 pF, See Figure 3 nae 
We ' i 


5 
tPZL Output enable time to low level 
t Output disable time from high level 26 35 
PHZ : . - 2 SG 15 pF See Figure 3 [ns _| 
tPLz Output disable time from low level 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 
a { 
2V 


OUTPUT 


GENERATOR 
(see Note A) 


C, = 15 pF 
(see Note B) 


15 V 


2Vv es OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2. PROPAGATION DELAY TIMES 


C 
3 
7) 
0 
ans 
< 
© 
= 
7) 
~~ 
a 
© 
° 
@, 
< 
© 
=| 
7) 


NOTES: A. The input pulse is supplied by a generator having tne following characteristics: PRR < 1 MHz, duty cycle = 50%, t, < 6ns, 
te < 6 ns, Zoyt = 50 2. 
B. CL includes probe and stray capacitance. 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT sw2 


o-—-5 Vv 


(see Note C) 


(see Note B) 


GENERATOR 
(see Note A) 


TEST CIRCUIT 
tPZL 
tpZ2H 3V 
3V 
INPUT SS aay 
INPUT sais waa 
1.5V swi to 1.5V | _ oy SW1t015V 
+ — —gy SW2 open | SW2 open 
—pl le-tpz,, 9 SW3 CLOSED P| je 'PZL SWS closed 
I Vou +—-45V 
OUTPUT \ Fav OUTPUT ae. = 15V 
aS VoL 
t tPLZ 
ae 3V 3V 3V 
INPUT 1.5 V Spek eei~ be INPUT 1.5 V SW1 to —1.5 V 
SW2 closed SW2 closed 
——-—0OV SWS3 closed 
Pl tpi z 
—— —14V 
VOL 
VOLTAGE WAVEFORMS 


FIGURE 3. ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, ts < 6 ns, 
tr = 6ns, Zoyt = 502. 
B. C, includes probe and stray capacitance. 
C. All diodes are 1N916 or equivalent. 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 


DIFFERENTIAL INPUT VOLTAGE HIGH-LEVEL OUTPUT CURRENT 


ZU DR ie ete mh RRs a 
< 
=] 
+ 


ss 
< ll 


< 


oa 


Vo—Output Voltage—V 


VOH—High-Level Output Voltage—V 


BLT, La ee CR SSS RTE LE PS Ae 


pratt Xx 
Bea Les SEEN Seles | 
c. 1 R \ 
2 mee 12s | ieee oe eee 
9 ee ee eee ES eae ie 
a= FG PA LOD SOS: Oe A CSR MO IS Site 0 N 
< —125—100 —75-50-25 0 25 50 75 100 125 0 -—5 —10 —15 —20—25 —30 —35 —40 —45 —50 
S Vip—Differential Input Voltage—mV IQH—High-Level Output Current—mA 
— 
“4 FIGURE 4 FIGURE 5 
QO 
@. HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
= vs vs 
o FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT 
i 7 
® ® 
£ i] 
$ $ 
5 5 
£ = 
=] =] 
o ce) 
2 @ 
£ ' 
ES 
t—2) 
r = 
5 Vec=5V 5 
> Vip = 0.2 V 2 
IOH = —440 vA 
0--.-10* 20." 30-40: 50-60. -70:° 80 
Ta—Free-Air Temperature—C loL—Low-Level Output Current—mA 
FIGURE 6 FIGURE 7 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


VoL—Low-Level Output Voltage—V 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE ENABLE VOLTAGE 


Vip =0.2V 
Load = 8 k{2 to ground 


—Vec = 5.25 V 


Vo—Output Voltage—V 


Vip = —0.2 V 
loL =8mA 


0. 10°-20 320-4 ~~ 50. 66. 70 80 


T a—Free-Air Temperature—C V}—Enable Voltage—V 
FIGURE 8 FIGURE 9 
OUTPUT VOLTAGE SUPPLY CURRENT 
vs (ALL RECEIVERS) 
ENABLE VOLTAGE Vs 


pig 
ns 
o 
z 
a 
a) 
—@ 
cc 
a 
D 
eo 
® 
> 
= 
Q 
o 
& 
a 


SUPPLY VOLTAGE 
Vip = -0.2 V 100 
Load = 1kQ2 to Vcc 90 
? eae ere ae Ta = 25°C 


Inputs open 
Ta =25 


eZ 
os a 
ett ee 
a eer ee 
30 iis ESS ES? OUTPUTS ENABLED 
2 ERS RS Ae Ger est: 
og BG eS 4 Oe aS 

Pane sos 


0 1 2 3 4 5 6 7 8 
Vcc—Supply Voltage—V 


FIGURE 10 FIGURE 11 


Vo—Output Voltage—V 
WwW 
Icc—Supply Current—mA 


0 0.5 1 1.5 2 2.5 3 0 
V;—Enable Voltage—V 
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SN75175 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


<x 
£ 
| 
< 
2 
5 
O 
: 
5. ( 
FIGURE 3.2 OF 
ae RS-48 
—-§ -6 -4 —2 0 2 4 6 8 10 12 
V;—Input Voltage—V 
© FIGURE 12 
© 
@. 
TYPICAL APPLICATION 
= 
” 1/4 $N75172 1/4 SN75174 
UP TO 32 
DRIVER/RECEIVER PAIRS 
1/4 SN75173 1/4 $N75175 
ye s x 
1/4 $N75172 1/4 SN75173 1/4 SN75173 1/4 SN75174 
FIGURE 13 
NOTE: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 
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ADVANCE SN65176B, SN75176B 
INFORMATION DIFFERENTIAL BUS TRANSCEIVERS 


D2619, JULY 1985—REVISED OCTOBER 1986 


Bidirectional Transceiver D, JG, OR P PACKAGE 
(TOP VIEW) 


Meets EIA Standards RS-422-A and RS-485 
and CCITT Recommendations V.11 and 
X.27 


@ Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 


3-State Driver and Receiver Outputs 
Individual Driver and Receiver Enables 


Wide Positive and Negative Input/Output 
Bus Voltage Ranges 


Driver Output Capability. .. +60 mA Max 


Thermal Shutdown Protection 


@ Driver Positive and Negative Current 
Limiting 
@ Receiver Input Impedance... 12 kQ Min Vip >0.2V 3 
@ Receiver Input Sensitivity .. . +200 mV es Site a des ala 
Vip < —-0.2 V 
@ Receiver Input Hysteresis ... 50 mV Typ x 
@ Operates from Single 5-Volt Supply H = high level, L = low level, ? = indeterminate, 
: X = irrelevant, Z = high impedance (off) 
@ Low Power Requirements 


j t 

description eRe ayo 

The SN65176B and SN75176B differential bus 

transceivers are monolithic integrated circuits 

designed for bidirectional data communication 

on multipoint bus transmission lines. They are 

designed for balanced transmission lines and 

meet EIA Standard RS-422-A and RS-485 and 
CCITT Recommendations V.11 and X.27. 


The SN65176B and SN75176B combine a three- 
state differential line driver and a differential 
input line receiver both of which operate from 
a single 5-volt power supply. The driver and ‘This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
receiver have active-high and active-low IEC Publication 617-12. 

enables, respectively, that can be externally Nae a ; 

connected together to function as a direction logic diagram (positive logic) 

control. The driver differential outputs and the (3) 

receiver differential inputs are connected DE 

internally to form differential input/output (I/O) 
bus ports that are designed to offer minimum 
loading to the bus whenever the driver is disabled 
or Vcc = O volts. These ports feature wide 
positive and negative common-mode voltage 
ranges making the device suitable for party-line 
applications. 


Copyright © 1985, Texas Instruments Incorporated 
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SN65176B, SN75176B ADVANCE 
DIFFERENTIAL BUS TRANSCEIVERS INFORMATION 


The driver is designed to handle loads up to 60 milliamperes of sink or source current. The driver features 
positive- and negative-current limiting and thermal shutdown for protection from line fault conditions. 
Thermal shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver 
features a minimum input impedance of 12 kQ, an input sensitivity of +200 millivolts, and a typical input 
hysteresis of 50 millivolts. 


The SN65176B and SN75176B can be used in transmission line applications employing the SN75172 and 
SN75174 quadruple differential line drivers and SN75173 and SN75175 quadruple differential line receivers. 


The SN65176B is characterized for operation from —40°C to 85°C and the SN75176B is characterized 
for operation from O°C to 70°C. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF A AND B 1/O PORTS TYPICAL OF RECEIVER OUTPUT 
Vcc Vcc 
85 2 
NOM 
Jam 
a 
@ 
oO OUTPUT 
ae 
< 
@ 
em | 
” 
— 
> 
re) Driver Input: Reg = 3k2 NOM INPUT/OUTPUT 
O Enable Inputs: Reg = 8 k2 NOM PORT 
_, 
@ 
= 
~” 
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ADVANCE SN65176B, SN75176B 
INFORMATION DIFFERENTIAL BUS TRANSCEIVERS 


CARER SE A LESS A Ah a LATE SEE SE SU a OS AVS by BA MA IR ARR NR TATE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


UD VON mrtg: VO IR eon oe ol ae ow eal a ee Baw cS Sin Oak ewe ie ewes Lee ¥E 7V 
Ve TI DIRE COINS 8-7 ks Gis Boa a ee eis ee ee ee Oe nce SRR Oe le ee eee es —-10 V to 15-V 
EIS SUNIRe CEM Ne oy yds hia aia Sh. phaty ee oe aoc NO hh-% mga Ie ee ere ean aiid et ah aie eee Si 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
PENG AEAM! Cicada 3) AR ota gis! Cova COR Ee ec RT ae oad SS UE Bi oR Oe ONS DERE ae 725 mW 
SeORCRCMNMIRNNCCERG Sap Sb cata: oo nel Re locate gs eek, OA eet Nie ek eee aed 825 mW 
PEGG hd these 4 cic aks ins a aes ae a IED Pe «ae Ile gs IT OTN eT 1100 mW 
Operating free-air temperature range: SN65176B................. 0000 ee eee — 40°C to 85°C 
Te MN Son rk Stl wi Sak wate eee Pol ahe eae O°C to 702C 
Sa Ee CONV PONIES nn, caro el Swe os Seated > Gia sate awn ke es oe eS -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: JG package ........ 306°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 


NOTES: 1. All voltage values, except differential input/output bus voltage, are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, the chips are glass 
mounted. 


DISSIPATION DERATING TABLE 


Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C 
POWER RATING ABOVE Tag = 25°C POWER RATING POWER RATING 
725 mW 5.8 mW/°C 
825 mW 6.6 mW/°C 
1100 mW 8.8 mW/°C 


PACKAGE 


: 
> 


De gee te eee Recon es el. ee rr 
Supply voltage, Vcc 4.75 5 5.25 


” 
Ben 
® 
2 > 
) 
Oo 
oO 
cc 
mee! 
4 
® 
= 
pe 
a) 
® 
= 
ond 


Voltage at any bus terminal (separately or common mode), Vj or Vic 


Differential input voltage, Vip (see Note 3) 
vac cece 
-level output current, 
hela 5 


Driver 
SN65176B 
SN75176B 


NOTE 3: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 
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SN65176B, SN75176B ADVANCE 
DIFFERENTIAL BUS TRANSCEIVERS INFORMATION 


DRIVER SECTION 


driver electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


[Vik _Trput clamp vokags Sd Tema SSCSC~S 
ct eae rk geo ee 
[ivopi1 Differential output votage | lo= 0 SSOS—S—SCSCS 


RE Ree Ss Be 
ih Gena SS Ea. ae 
R, = 100 Q, See Figure 1 Voo1 — 


\Vop2| Differential output voltage 


LLOEGR 3 
AlVop| Change in magnitude of ace 
OD differential output voltage 8 


+3 
Voc Common-mode output voltage RL = 54Qo0r 1002, See Figure 1 


Change in magnitude of 


A|V 
'Voc common-mode output voltage § 


et eee ne eee rear 
See Note § Worn | Oe Oe 
[i towlevel input current | _W=0av i 400] 


Vo = -7V 


Short-circuit output current 


Supply current (total package) | __No load Ouiputs enabled [4285 
u curren a age 
ii : : Outputs disabled 26 35 


t The power-off measurement in EIA Standard RS-422-A applies to disabled outputs only and is not applied to combined inputs and outputs. 
+ All typical values are at Vcc = 5 V and Ta = 25°C. 
§A|Vop| and A|Vgc| are the changes in magnitude of Vop and Voc respectively, that occur when the input is changed from a high 
level to a low level. 
NOTES: 4. See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2. 
5. This applies for both power on and off; refer to EIA Standard RS-485 for exact conditions. The RS-422-A limit does not apply 
for a combined driver and receiver terminal. 


driver switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
| tpp _Differential-output delay time =| Differential-output delay time 
BP : os = : : RL = 549, See Figure 3 pene 
tTD Differential-output transition time Pomoabaooans. «eee ok On ee 
tpzH Output enable time to high level Ri = 1109, — See Figure 4 eee ee SS ae 


oO 


tpz_ Output enable time to low level R_ = 1109, See Figure 5 
tpHz Output disable time from high level RL. = 110Q, See Figure 4 150 250 
tp_z Output disable time from low level Ri = 1109, See Figure 5 


io) 
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ADVANCE | SN65176B, SN75176B 
INFORMATION DIFFERENTIAL BUS TRANSCEIVERS 


SYMBOL EQUIVALENTS 


DATA SHEET PARAMETER | — RS-422-A si RS-485 
Voo1 
\Vop2/ V; (RL = 100 Q) V; (RL = 54 Q) 


NV | V+ (Test Termination 
003 Measurement 2) 
A|Vop| [Vel — [Vel | lIVe - [Vel | 


A\Voc| | Vos — Vos | | Vos — Vos | 


RECEIVER SECTION 


receiver electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Vo = 2.7 V, 0.2 
Vo 


= 0.5 V, 


” 
te 
® 

i 
® 
Oo 
® 

ce 
— 
7 
Thee 
o 
= 
tee 
=) 

® 
= 
al 


T All typical values are at Vcc = 5 V, Ta = 25°C. 

+The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common- 
mode input voltage and threshold voltage levels only. 

8 Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 
V7 —. See Figure 4. 

NOTE 6: This applies for both power on and power off. Refer to EIA Standard RS-485 for exact conditions. 


receiver switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


tpLH Propagation delay time, low-to-high-level output Vip = OVto3V, 21 35 oe 

tpH_ Propagation delay time, high-to-low-level output Ci = 15 pF, See Figure 6 23 35 | ons | 
le ti high level 10 20 

tpzH Output enable tive to high leve ee Seu Siete? | ns. | 

tpz_ Output enable time to low level 12 20 | ns | 

t Output disable time from high level 20 35 

PHZ " - - 2 Ci = 15 pF, See Figure 7 org 

tp_z Output disable time from low level 17 25] ns. 
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SN65176B, SN75176B ADVANCE 
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PARAMETER MEASUREMENT INFORMATION 


Tee) Hic 


FIGURE 1. DRIVER Vop AND Voc = = = 
FIGURE 2. RECEIVER Voy AND VoL 


——— 3V 
INPUT 15V 15V 
C, =50 pF 
L 6 Ov 
| 


(See Note B) 


| 
OUTPUT Sosa is k¢i— top 


+ a25y 
| 90% l 
OUTPUT 50% #) i 50% 
= ef Gee ~-25V 
tTpD > am pd ie tTp 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 


OUTPUT eee ses Sink soe, A 
INPUT 15V  15V 
l OV 


| 
RL= je—ol tpzH | we 


GENERATOR 
(See Note A) 


C, =50 pF 
(See Note B) 


SIBAIQDOY/SIBAUG 9UIT Fe 


GENERATOR 
(See Note A) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 


OO I ES  eaiaiaieeeananamrarte: toe, Se ies ct men 3V 
RL = 1102 INPUT 1.5V 15V 
| Ov 


OUTPUT | 
tezL—1¢ 9 : 
C, = 50 pF : ¢——+- tpLz 
(See Note B) | . 5V 
ia: bla 50 2 OUTPUT 2.3V 0.5V 
(See Note A) = Se & 
as a VOL 
"4 TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. DRIVER ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr < 6 ns, 
tf = 6 ns, Zout = 50 2. 
B. Cy includes probe and jig capacitance. 
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ADVANCE SN65176B, SN75176B 
INFORMATION DIFFERENTIAL BUS TRANSCEIVERS 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


C. = 15 pF 
(See Note B) | 
OV 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES 


GENERATOR 
(See Note A) 


oa SV 


1N916 OR EQUIVALENT 


GENERATOR 


(See Note A) 
$3 


= TEST CIRCUIT = 


aaa 15 V 


$1 to —1.5 V 
| OV S2 closed 
| S3 open 


o 
ben 
® 

re. 
® 
a) 
® 

c 

a 
” 
fen 
® 
> 

‘= 

a) 
® 

= 

al 


INPUT 


| VOH 
OUTPUT 15V 
OUTPUT 
— —— — 0vV 


$1to1.5V S1 to —1.5 V 
S2 closed S2 closed 
$3 closed S3 closed 
OV 
| ——— =1.3V 
VOH | ; 
OUTPUT 0.5 V 
— 21 V VOL 


VOLTAGE WAVEFORMS 
FIGURE 7. RECEIVER OUTPUT ENABLE AND DISABLE TIMES 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr < 6 ns, 


tf s 6 ns, Zout = 50 2. 
B. C, includes probe and jig capacitance. 
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TYPICAL CHARACTERISTICS 


DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
DRIVER HIGH-LEVEL OUTPUT CURRENT ; DRIVER LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL_—Low-Level Output Voltage—V 


c. 
3 
) 
0 

Y 0 -20 -40 -60 -80 -100 —120 0 20 40 60 80 100 120 
s lOH— High-Level Output Current—mA lo_—Low-Level Output Current—mA 
= 
@- FIGURE 8 FIGURE 9 
> 
Q DRIVER DIFFERENTIAL OUTPUT VOLTAGE 
a vs 
x DRIVER OUTPUT CURRENT 
O 

7 

® 

& 

C 

> 

3 

S 
> 5 
Oo fo) 

8 
< £ 

® 
> 3 
2 3 
©) | 
m 5 
“a > 
= 
"Tl 0 10 20 30 40 50 60 70 80 90 100 
C& Io — Output Current—mA 
J 
<= FIGURE 10 
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ADVANCE 
INFORMATION 


VOH—High Level Output Voltage—V 


COPED NSE 


SN65176B, SN75176B 


DIFFERENTIAL BUS TRANSCEIVERS 


TYPICAL CHARACTERISTICS 


RECEIVER HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


—10 —20 —30 
IOH—High-Level Output — 


—50 


FIGURE 11 


RECEIVER LOW-LEVEL OUTPUT VOLTAGE 
vs 
RECEIVER LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage —V 


° 
om 


0 
-40 -20 0 


RECEIVER HIGH-LEVEL OUTPUT 
vs 
FREE-AIR TEMPERATURE 


20 40 
Ta—Free-Air Temperature — °C 


FIGURE 12 


RECEIVER LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Vip = —200 mV 
O.5+loL = 8mA 


Line Drivers/Receivers > 


i * 

2 g 

S = 
~ $0.4 = 
2 5 \e) 
é = 
= 60.3 J 
E : = 
3 & = 
4 3 0.2 a 
: i i 

> 50.1 
> = 
0 LL 
loL—Low Level Output Current—mA -40-20 0 20 40 60 80 100120 (J) 
Ta—Free-Air Temperature — °C Pd 
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SN65176B, SN75176B | ADVANCE 
DIFFERENTIAL BUS TRANSCEIVERS INFORMATION 


TYPICAL CHARACTERISTICS 


RECEIVER OUTPUT VOLTAGE RECEIVER OUTPUT VOLTAGE 
vs vs 
ENABLE VOLTAGE ENABLE VOLTAGE 


Vip = 0.2 V 


Vip =-0.2V 
Load = 8 k{2 to ground 


Load = 1k22 to Vcc 


> 
| 7 
x) = 
* S 
s * 
jos s 
3 e 
t 9 
> e) 
oe > 
= 
® 
me, 
a. 
= 
PP V;—Enable Voltage—V V;—Enable Voltage—V 
— 
a” FIGURE 15 FIGURE 16 
‘?) 
©. 
< 
@ TYPICAL APPLICATION 
” SN65176B, SN65176B, 
SN75176B SN75176B 


< 
= UP TO 32 
© TRANSCEIVERS 
oe ee ee ® 
= 
O FIGURE 17. TYPICAL APPLICATION CIRCUIT 
DV NOTE 7: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
< as possible. 
ea. 
= 
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description 


ADVANCE SN75177B, SN75178B 
INFORMATION DIFFERENTIAL BUS REPEATERS 


D2606, JULY 1985 


Meets EIA Standards RS-422-A and RS-485 SN75177B...D, JG, ORP 
and CCITT Recommendations V.11 and DUAL-IN-LINE PACKAGE 
X.27 (TOP VIEW) 


Designed for Multipoint Transmission on 
Long Bus Lines in Noisy Environments 


3-State Outputs 


Bus Voltage Range... —-7 Vto 12 V 
Positive and Negative Current Limiting pesbincnoees Anes piped 
Driver Output Capability . . . 60 mA Max (TOP VIEW) 


Driver Thermal Shutdown Protection 


Receiver Input Impedance . . . 12 kQ Min 
Receiver Input Sensitivity .. . +200 mV 
Receiver Input Hysteresis .. . 50 mV Typ 


Operates from Single 5-Volt Supply OUTPUTS 


EN 


Low Power Requirements 


Vip = 0.2 V 
-0.2V.< Vip < 0.2:V 
Vip = 0.2 V 
X 


The SN75177B and SN75178B differential bus 
repeaters are monolithic integrated devices each 
designed for one-way data communication on 
multipoint bus transmission lines. These devices 
are designed for balanced transmission bus line 
applications and meet EIA Standards RS-422-A 


SN75178B FUNCTION TABLE 


DIFFERENTIAL INPUTS ENABLE a ee 


EN 
L 
L 
L 
H 


= high level, L = low level, ? = indeterminate, 
= irrelevant, Z = impedance (off) 


and RS-485 and CCITT Recommendations V.11 Vip = 0.2 V 
and X.27. Each device is designed to improve -0.2V < Vip <0.2V 
the performance of the data communication over Vip < 0.2 V 


long bus lines. The SN75177B and SN75178B 
are identical except for the complementary 
enable inputs, which allow the devices to be 
used in pairs for bidirectional communication. 


X 


H 
X 


The SN75177B and SN751/78B feature positive- and negative-current limiting three-state outputs for the 
receiver and driver. The receiver features high input impedance, input hysteresis for increased noise 
immunity, and input sensitivity of + 200 millivolts over a common-mode input voltage range of —7 volts 
to 12 volts. The driver features thermal shutdown for protection from line fault conditions. Thermal 
shutdown is designed to occur at a junction temperature of approximately 150°C. The driver is designed 
to drive current loads up to 60 milliamperes maximum. 


The SN75177B and SN751/78B are designed for optimum performance when used on transmission buses 
employing the SN75172 and SN75174 differential line drivers, SN75173 and SN75175 differential line 
receivers, or SN75176B bus transceivers. 


” 
a 
® 
= 
® 
Oo 
® 
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” 
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2 
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SN75177B, SN75178B ADVANCE 
DIFFERENTIAL BUS REPEATERS INFORMATION 


logic symbolst logic diagrams (positive logic) 


SN75177B SN75177B 
(3) 


EN 


RECEIVER 


DRIVER 


SN751788 


B z 
= RECEIVER DRIVER 
@ T 

TThese symbols are in accordance with ANSI/IEEE Std 91-1984 
U and IEC Publication 617-12. 
< ‘3 p 
® schematics of inputs and outputs 
” 
— 
4 EQUIVALENT OF DRIVER OR ENABLE INPUT TYPICAL OF ALL DRIVER OUTPUTS 
re) Vcc a ae Vcc 
©. 
< 
® 
= —_— <_= «= 
” 
OUTPUT 
> Driver input: Req =3k2 NOM ~-- GND 
oO Enable input: Req =8k2 NOM 
< EQUIVALENT OF EACH RECEIVER INPUT TYPICAL OF ALL RECEIVER OUTPUTS 
> — Vcc 
85 2 

Pa NOM 
rT 
= OUTPUT 
O ‘“ 
3 


4 
4-362 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADVANCE SN75177B, SN75178B 
INFORMATION DIFFERENTIAL BUS REPEATERS 


ESSA eA RE th SG MAB, SB FT NS LIE EDP ELAS IB SAME ORT I LIE SERS i LTE AE DS DANTE RIL DE DSTI Be. ERASE SEAS AAEM AT BE WEF SEAT BRIERE, SGI rere RS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supp volens cue co esedsoteidys Sis. oS kik 2S AA Se SSE I es 7V 
Voltege-ar any nas tenmindl:. «sc. soa eve ee vee ee ea aoa ae -10 Vto 15 V 
BiTtSrential ut Weta sae Pte 2 0 ae ee a eee t2o¥% 
BASDIO-INDUE VONAGE. ie a OE i a es 2 Pe te §.5-V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

iy peckGGe 53-5 ees Sr ee se ee eee eee 725 mW 

JG DOCKREE-~ oo eee eee ee ed ee on ea a eee 825 mW 

Ca gia 2 eS aa ae ach aren of ine, Pee mt ag te ae ke UC ees Ca RR ea gL are EE 1000 mW 
Operating-free-air: teniperature fange =. een ee ee Oe ee be ee O° to" 7eoe 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential input voltage is measuréd at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C, the 
JG package to 528 mW at 70°C at the rate of 6.6 mW/°C and the P package to 640 mW at 70°C at the rate of 8.0 mW/°C. 
In the JG package, SN75177B and SN75178B chips are glass mounted. 


recommended operating conditions 


Snes ee ESE ee Ge 
475-8825 
[High-level input voltage, Vin ——SSCSC~“‘“~*~S*‘~dCNNMSSSCSC“‘CSNCCCN#Céid(C“#;s=i“(ssé‘™SC* VV'~*S 
[Lowlevel input voltage, Vu ——SSSSCSC~“—~s~‘~—~‘i EN ENSSCSC~C“‘“S*S*S*SC‘“‘(C#NCC#C#NBS*Y VV ~*Y 
7 12 


Driver eS 
eee sl 


ie he 
Low-level output current, Io. Rens mA 


Operating free-air temperature, Ta (@) 70 


T The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common- 
mode input voltage and threshold voltage. 
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§N75177B, SN75178B ADVANCE 


DIFFERENTIAL BUS REPEATERS INFORMATION 


DRIVER SECTION 


driver electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX 
ViK Input clamp voltage I -18 mA 
Vo Output voltage Po Oe Soot rect | A gett tens gee eee 
Siewert oe eee el 


\Vop1! _ Differential output voltage 
Ri =100 Q, See Figure 1 2VOD1 


5 
AL_= 549, See Figure 
[Vopa] _ Diferential output vonage 


AVep| Change in magnitude of 02 
OD! “differential output voltaget Ri = 542 or 1009, 


>= 


\Vop2!| Differential output voltage 


5 
5 
See Figure 1 2! 
Voc Common-mode output voltage - 
Dresee| Change in magnitude of 0.2 
oc common-mode output voltage 

lo Output current Vec = 9, V9 = -7Vto12V A 
6) 
(@) 
6) 


High-impedance-state 
output current 
| 


zs pA 

ii] High-level input current 
mA 
A 


V 
Ne Low-level input current Vv; = 0.4 V 


Vo = -7V 


los Short-circuit output current 


+ 

i 
10 
25 
26 
25 


Vo. = Vcc ht 2 WS Sea ee 


Vo = 12V 


oS 
ote 
| : , haat oe ne Outputs enabled 97 70 
rent (total package 0 loa “A 
ce upply curre E g Outputs disabled 26 35 


TAIl typical values are at Vcc = 5 V and Ta = 25°C. 

*A|Vop| and A|Vgc| are the changes in magnitude of Vop and Voc, respectively, that occur when the input is changed from a high 
level to a low level. 

NOTE 4: See EIA Standard RS-485 Figure 3.5, Test Termination Measurement 2. 


driver switching characteristics, Vcc = 5 V, Ta = 25°C 


ONT 
eer oar ECC 
fipzH Output enable time to high evel WL= 1108, SeeFigues ‘| 88 _120| ns 
= ns 
= 20 30 


tPHZ Output disable time from high level Rt = 1109, See Figure 4 150 250 
tpLz Output disable time from low level RL = 110Q, See Figure 5 Pacer ar ed 
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ADVANCE | SN75177B, SN75178B 
INFORMATION DIFFERENTIAL BUS REPEATERS 


SYMBOL EQUIVALENTS 


7 
popes Nopg) ie er eee 
Measurement 2) 
Pos: A mete hs RR See a eee 
Sees Go SESE ee aT ee 


Ixal. IIxb| 
RECEIVER SECTION 


receiver electrical characteristics over recommended ranges of common-mode input voltage, supply 
voltage, and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Line input current mA 
SeeNoteS [w= -7V id SCO 


I 

NH High-level enable-input current Vip = 2.7 V pA 

Ne Low-level enable-input current Vi_ = 0.4 V ~100 
impinge eS ep a eee 

Ses ees Ie eS 


lec Supply current (total package) 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 

+ The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common- 
mode input voltage and threshold voltage levels only. 

8 Hysteresis is the difference between the positive-going input threshold voltage, V7 +, and the negative-going input threshold voltage, 
V7 —. See Figure 12. 

NOTE 5: Refer to EIA Standard RS-422-A for exact conditions. 


VTH Differential-input high-threshold voltage Vo = 2.7 V, lo = -0.4mA 
VTL Differential-input low-threshold voltage Vo = 0.5 V, lo = 8mA -0.2 
VIK Enable-input clamp voltage | = -18 mA 
V High-level output volt iT a 2.7 V 
| “evel output voitage 4 
OH * : x See Figure 2 
Vip = —200 mV, Io, = 8 mA, 
VOL Low-level output voltage 0.45 V 
See Figure 2 
be 
loz High-impedance-state output Current Vo = O4rV to 2:4 V pA 


receiver switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpLH Propagation delay time, low-to-high-level output Vip =<— 1.5 V to.1.8 V, 19 35 
tpH_ Propagation delay time, high-to-low-level output CL = 15 pF, See Figure 6 | 


tpz, Output enable time to low level ns 


2 
t Output disable time from high level 
PHZ z 2 CL = 15 pF, See Figure 7 5 


‘pZH Output enable time to high level 
Bo : : Cy = 15 pF, See Figure 7 = 
tpLz Output disable time from low level ees eR eS 
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SN75177B, SN75178B ADVANCE 
DIFFERENTIAL BUS REPEATERS INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


Vib 
VOH | 
VOL 
a Saga © 
FIGURE 1. DRIVER Vop AND Voc FIGURE 2. RECEIVER VoH AND VoL 
———— 3V 
(See Note B) ' i 
GENERATOR OUTPUT Ov 
(See Note A) tpp ++) -91— top 
| 


| 
| 90% | ~25 V 
= OUTPUT 50% 4, M 50% 
yf OS ~—2.5V 


ttp > << >| le— tTp 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 


OUTPUT —_ (SN75178A) 3V 

INPUT 15V 15V 
OVor3V (SN75177A) l Ov 
C, = 50 pF 
SN75178B (See Note B) 


502 Enable is == 
active low 


SIBAIQDOY/SIBAUG 9UIFT ES 


110 2 


GENERATOR 
(See Note A) 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 4. DRIVER ENABLE AND DISABLE TIMES (tpzH, tpHz) 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
B. Cy includes probe and jig capacitance. 
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ADVANCE SN75177B, SN75178B 
INFORMATION DIFFERENTIAL BUS REPEATERS 


PARAMETER MEASUREMENT INFORMATION 


(SN75178A) 3V 
R. = 
100 2 INPUT 1.5 V 
OUTPUT = (SN75177A) Ov 


| 
l | 
tpz_ ++ 7 


5V 


| 
C, = 50 pF | le pt- tpLz 
(See Note B) | l ars 
GENERATOR 502 SN75178B f I | 
(See Note A) Enable is = OUTPUT 2:3 V 05V 
active low == Vox 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. DRIVER ENABLE AND DISABLE TIMES (tpz_, tpLz) 


GENERATOR 
(See Note A) 


OUTPUT 


| C, =50 pF 
(See Note B) | 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 6. RECEIVER PROPAGATION DELAY TIMES 


Line Drivers/Receivers ce 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
te <6 ns, Zoyt = 50.0. 
B. Cy includes probe and jig capacitance. 
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SN75177B, SN75178B ADVANCE 
DIFFERENTIAL BUS REPEATERS INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


15V 3 OUTPUT 


Ga 5V 


(See Note C) 
GENERATOR 
(See Note A) (See Note B) 
$3 
TEST CIRCUIT 
(SN75177B) 3V (SN75177B) 3V 
$1to 1.5 V $1 to —1.5 V 
INPUT $2 open INPUT $2 closed 
$3 closed | S3 open 
(SN75178B) (SN75178B) 
OUTPUT 
OUTPUT 
(SN75177B) 3V (SN75177B) 3V 
S1to1.5V S1to —15V 
INPUT S2 closed INPUT $2 closed 
| $3 closed | $3 closed 
{SN75178B) l ov (SN75178B) | Ov 
| 
tpHz—t¢—> ; 
| PLZ —¢—>| 
| 
| VoH ——— 21.3V 
OUTPUT OUTPUT 
——— 21.3V VOL 


VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t, = tf = 6ns. 
B. Cy includes probe and jig capacitance. 
C. All diodes are 1N916 or equivalent. 


FIGURE 7. RECEIVER ENABLE AND DISABLE TIMES 
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ADVANCE SN75177B, SN75178B 
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TYPICAL CHARACTERISTICS 


DRIVER HIGH-LEVEL OUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE DRIVER DIFFERENTIAL OUTPUT VOLTAGE 
vs vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT DRIVER OUTPUT CURRENT 
5 5 
he oe ee ea ? 
yee een: : 
o A | 
Pe ibe ne! 8G A Ee 
B jglisd Simbel On ent. el San tte i 
5 ~ s 
ass ae ae ate Ses Ss SR ae 3 
S 3 3 
2 Se a ae ee eS : E 
4 2 
A —4 ® 
en 4 Se A as ne | ee E es 2 ek 
dca a ied ee Ae) = é 
1 | | 
5 tiem Soe CR RE 2 ps roca ened Ons Bal ee ae 
2 0s 9 8 0. 
5 OR Ae BSE | i CR ee caait 
Bi) 220.- Sad — 60) 380) = 100 — 180 rt) 20 40 60 80 100 120 0 10 20 30 40 50 60 70 80 90 100 
loH—High Level Output Current—mA loL — Low Level Output Current—mA Io — Output Current—mA 
FIGURE 8 FIGURE 9 FIGURE 10 
RECEIVER OUTPUT VOLTAGE RECEIVER HIGH-LEVEL OUTPUT VOLTAGE RECEIVER HIGH-LEVEL OUTPUT VOLTAGE 
vs vs vs 
DIFFERENTIAL INPUT VOLTAGE HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


” 
dae 
i) 
> 
daa 
® 
12) 
Foal + > o 
. i 2 ! cc 
a ha eae : o 
1 4 3 : 
© > > ss 
£., ee ok 3 | o 
“agi oad 5 See. g > 
aa (@) 3 eaeeey 
a6 bee : 3 
52 5 é Q 
gi See : 
ae he : c 
‘ l = c 
& 5 5 al 
> = 
~ > 
pee Hehe: Saw : 
~125 -75 -25 0 26 50 75 100 125 oS ER ee eee SRO RG 0 10 20 30 40 50 60 70 80 
Vip — Differential Input Voltage—mV loH—High-Level Output Current—mA Ta—Fies-Alr Tamperetire—"C 
FIGURE 11 FIGURE 12 FIGURE-13 
RECEIVER LOW-LEVEL OUTPUT VOLTAGE RECEIVER LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE 


VoL—Low-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 5 10 15 20 25 30 


0 
10 20 30 40 60 70 80 
IoL—Low Level Output Current—mA = 


Ta—Free-Air Temperature—C 


FIGURE 14 FIGURE 15 
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TYPICAL APPLICATION 


sah 
SN75176B SN75176B 


gy s 
et ek 


SN75178B 


SN75176B 


NOTE 6: The line should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short 
as possible. 


FIGURE 16. TYPICAL APPLICATION CIRCUIT 
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ADVANCE SN75179B 
INFORMATION | DIFFERENTIAL DRIVER AND RECEIVER PAIR 


D2845, OCTOBER 1985 


@ Meets EIA Standards RS-422-A and RS-485 D, JG, OR P DUAL-IN-LINE PACKAGE 
and CCITT Recommendations V.11 and (TOP VIEW) 
X.27 


Operates from Single 5-V Supply FUNCTION TABLE (RECEIVER) 


Low Power Requirements DIFFERENTIAL INPUTS | OUTPUT 
A-B R 


description 


@ Bus Voltage Range... —-7 Vto 12 V 

@ Positive and Negative Current Limiting 

@ Driver Output Capability .. . 60 mA Max 

@ Driver Thermal Shutdown Protection ECE ort, TARCE (Payeeo) 

@ Receiver Input Impedance... 12 kQ Min 
D 

@ Receiver Input Sensitivity ... +200 mV 

@ Receiver Input Hysteresis ... 50 mV Typ = OS 

@ 

6 


4 


Vip = 0.2 V 
The SN75179B driver and bus receiver circuit is -0.2V< Vip< 0.2 V 
a monolithic integrated device designed for Vip = -0.2V 


balanced transmission line applications and 
meets EIA Standards RS-422-A and RS-485 and 
CCITT Recommendations V.11 and X.27. It is 
designed to improve the performance of full- 
duplex data communications over long bus lines. 


H = high level, L = low level, ? = indeterminate 


logic symbolt 


The SN75179B driver outputs provide limiting 
for both positive and negative currents. The 
receiver features high input impedance, input 
hysteresis for increased noise immunity, and 
input sensitivity of +200 millivolts over a 
common-mode input voltage range of — 12 volts 


Line Drivers/Receivers 


to 12 volts. The driver provides thermal TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
shutdown for protection from line fault IEC Publication 617-12. 

conditions. Thermal shutdown is designed to 

occur at a junction temperature of approximately logic diagram 


150°C. The device is designed to drive current 


loads of up to 60 milliamperes maximum. 7 (3) 4 
2 
The SN75179B is characterized for operation 6 (7) 2 
from O°C to 70°C. 
a (6) , 
D 
(5) 
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SN75179B ADVANCE 
DIFFERENTIAL DRIVER AND RECEIVER PAIR INFORMATION 


schematics of inputs and outputs 


EQUIVALENT OF DRIVER OR ENABLE INPUT 
Vcc hse 3 
Req 


TYPICAL OF ALL DRIVER OUTPUTS 


aes Vcc 
OUTPUT 
--- GND 


Driver input: Reg = 3 k8 NOM 
Enable input: Req =8k2 NOM 


TYPICAL OF ALL RECEIVER OUTPUTS 


——- Vcc 
85 2 
NOM 
OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


EQUIVALENT OF EACH RECEIVER INPUT 


BUDDY VONSGR VCP sen MOtG tho i556. os x's we Satta hari’ © gpk ethane stare eiaieek take 7V 
OU Leicts at ibaa: Wat MOINES rad eS, 05 la ons halarn ee ame eee oe ee Ed oP -10Vto 15 V 
EXPERT G iL ADI BO REO TETRA ZY vir ute cd 0 eben as « Soslcaewe aie eed te eta a tetra +25 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
Didi Un 2": SACS Saad ys Uppateiey Sp anes at os | ea a ciebtaey Bt dayne a: pty fetta bia HEAR oer cece 520th ek ete 725 mW 
Na MIR SS rpc ho 4 5” hp ats ey eel gm: Oke 2d, ai. STR od EDA os UK as ea ean 825 mW 
OS na ae ES eR aD) yn RRS PARED 3 EN Se RPE BO prey Gy ic Ras My ot 1000 mW 
Operating. ifpe-at--tanmineroture (OnOe 3. oe bs ol aerated aoe he here aol hemlet eae ae O0°C to 70°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C, the 
JG package to 528 mW at 70°C at the rate of 6.6 mW/°C and the P package to 640 mW at 70°C at the rate of 8.0 mW/°C. 
In the JG package SN75179B, chips are glass mounted. 
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ADVANCE SN75179B 
INFORMATION | DIFFERENTIAL DRIVER AND RECEIVER PAIR 


recommended operating conditions 


| MIN NOM MAX | U 
Supply voltage, Vcc 4.75 6 «6.25 
Figh Tevel input voltage, Vin 


Driver 
Receiver 
Operating free-air temperature, Ta 


t The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common- 
mode input voltage and threshold voltage. 


DRIVER SECTION 


driver electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


TEST CONDITIONS 
i= —18 mA 


\Vop2|  _=—Differential output voltage 


Ri = 1002, See Figure 1 


RL = 54Q, See Figure 1 


l\Vop3| _——Differential output voltage See Note 4 


AlVop| Change in magnitude of 
differential output voltage* 


Voc Common-mode output voltage Ri = 542 or 100 0, See Figure 1 


AlVoc| Change in magnitude of 
oc common-mode output voltage+* 
lo Output current = Vo = -7Vto12V 


NH High-level input current Vi = 2.4V 
Nie Low-level input current Vi = 0.4V 


aie Vo = -7V 
los Short-circuit output current 
Vo = Vcc or 12 V 
lec Supply current (total package) No load 


TAII typical values are at Vcc = 5 V and Ta = 25°C. 

+ A|Vop| and A|Vgc| are the changes in magnitude of Vop and Voc, respectively, that occur when the input is changed from a high 
level to a low level. 

NOTE 4: See EIA Standard RS-485, Figure 3.5, Test Termination Measurement 2. 


Line Drivers/Receivers 


< 
oO 
G 
| 


ADVANCE INFORMATION 


driver switching characteristics, Vcc = 5 V, TA = 25°C . 


t Differential-output delay time 
DD sine dhe al eel RA. = 549, See Figure 3 
| tTp Differential-output transition time 


U 
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SN75179B ADVANCE 
DIFFERENTIAL DRIVER AND RECEIVER PAIR INFORMATION 


SYMBOL EQUIVALENTS 


DATA SHEET PARAMETER | — RS-422-A si RS-485 
BARBS ok ees Bas ae 
opt! | Rater: eiihes Sees Sra 
\Vop2| Vt (RL = 100 Q) V; (RL = 54) 


— Measurement 2) 


RECEIVER SECTION 


= : ; ‘~ ; 
= receiver electrical characteristics over recommended ranges of common-mode input voltage, supply 
@ voltage, and operating free-air temperature (unless otherwise noted) 
Uv PARAMETER TEST CONDITIONS MIN TYP’ MAX | UNIT 
< VTH Differential-input high-threshold voltage Vo = 2.7 V, lo = -0.4mA 
o VTL Differential-input low-threshold voltage Vo = 0.5 V, lo = 8mA 
5 
ra) Vip = 200 mV, lIoOH = —400 pA, 

VOH High-level output voltage . a V 
e See Figure 2 
=" Vip = —200mV, Io, = 8mA, 
< VoL Low-level output voltage 0.45 V 
@ See Figure 2 
= 

I Line input current mA 

See Note 5 Mis stats eee en 
i —15 - 


> 


Pe ineaine iy Poet ea ee 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 

+ The algebraic convention, where the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common- 
mode input voltage and threshold voltage levels only. 

8 Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 
VT —. See Figure 9. 

NOTE 5: Refer to EIA Standard RS-422-A for exact conditions. 


> 


receiver switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpLH Propagation delay time, low-to-high-level output Vip = -1.5V to 1.5 V, 19 35 ns 
tpH_L Propagation delay time, high-to-low-level output Cy = 15 pF, See Figure 4 30 40 ns 


NOILVINYOANI JDNVAGV 
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ADVANCE SN75179B 
INFORMATION | DIFFERENTIAL DRIVER AND RECEIVER PAIR 


PARAMETER MESUREMENT INFORMATION 


Vib 
VOH 
Voc 1o¢ 
ih Vai t. OL 
j a af 
FIGURE 1. DRIVER Vop AND Voc FIGURE 2. RECEIVER Vow AND VoL 


GENERATOR { y 
(See Note A) top ++) l¢-Bt— top 

| Ae y 

| 90% | 

OUTPUT 50% ¥; 50% 
° | 
i ey ~-2.5V 
tTp > h¢- = tTp 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES 


———— 3Vv 
INPUT 1.5V 15 V 
GENERATOR OUTPUT . 
(See Note A) 
C, = 50 pF 
(See Note B) | 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 4. RECEIVER PROPAGATION DELAY TIMES 


3 
im) 
es 
+ 
in 
< 
Sie 
I- a | 
r a 
oO Ww 
< < 
Line Drivers/Receivers a 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
t¢ <6 ns, Zoyt = 50 Q. 
B. Cy includes probe and jig capacitance. 


ADVANCE INFORMATION 
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SN75179B 
DIFFERENTIAL DRIVER AND RECEIVER PAIR 


ADVANCE 
INFORMATION 


SIBAIBIOY/SIBALG 8Uly] rf 


NOILVINYO4NI JONVAGV 


VOH — High Level Output Voltage—V 


Vo—Output Voltage—V 


DRIVER HIGH-LEVEL OUTPUT VOLTAGE 
vs 


HIGH-LEVEL OUTPUT CURRENT 


5 
EE 
4 

oe 
a SS 
3 
Sao See 
Ces aS ee Ht 
Sa Sie BAS BES Be FH. 
5 
fai Dias ies et 8s See! 
Sas a SS a? 
0.5 
AG BS SES is es 


—20° 40; -60° =80" —100_ —120 
IQOH—High Level Output Current—mA 


FIGURE 5 


o 


RECEIVER OUTPUT VOLTAGE 
vs 
DIFFERENTIAL INPUT VOLTAGE 


vec=8v] Joo] tare 
Seen cnicam 
Py 


y= 
| ae 
" 


he FR a 
24 
+ 
+ 


TS Se i a 
[yf SIRS ESN RE CN ATOR) LRT A Ce ST 
-125 —-75 -—25 0 25 50 75 100 125 


Vip — Differential Input Voltage—mV 


FIGURE 8 


RECEIVER LOW-LEVEL OUTPUT VOLTAGE 


LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


vs 


TYPICAL CHARACTERISTICS 


DRIVER LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


VOL — Low Level Output Voltage—V 


VoH—High Level Output Voltage—V 


20 
lo_L—Low Level Output Current—mA 


FIGURE 11 


0 20 40 60 80 §=100 
OL — Low Level Output Current—mA 


FIGURE 6 


RECEIVER HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


pao eS 

5 BS 
SERBS eo 
bss SU 

BES B 


lOH—High-Level Output Current—mA 


FIGURE 9 


VoL—Low-Level Output Voltage—V 


Vop — Differential Output Voltage—V 


VoOH—High-Level Output Voltage—V 


vs 


DRIVER DIFFERENTIAL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


Io — Output Current—mA 


FIGURE 7 


RECEIVER HIGH-LEVEL OUTPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


Vip =0.2V 
10H = —440 nA 


0 
0 170 20°30" 40 50 60-70 ‘80 
Ta—Free-Air Temperature— C 


FIGURE 10 


RECEIVER LOW-LEVEL OUTPUT VOLTAGE 


FREE-AIR TEMPERATURE 


10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature— C 


FIGURE 12 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


D1292, OCTOBER 1972—REVISED SEPTEMBER 1986 


Single 5-V Supply SN55182 .. . J PACKAGE 
; ae i SN75182 ... D, J OR N PACKAGE 
Differential Line Operation (TOP VIEW) 
Dual Channels TIN — 141] Vec 
TTL Compatibility RTUj2 13, 2IN— 
INS LIS | 12E) 2Ry 
+15 V Common-Mode Input Voltage Range 1STRB | |4 11] | 2IN+ 


+15 V Differential Input Voltage Range TATC LIS 1ol | 2STRB 
10UT | {6 9| | 2RTC 
Individual Channel Strobes GND | |7 8| | 2OUT 


Built-In Optional Line-Termination Resistor 
SN55182 .. . FK PACKAGE 


Individual Frequency Response Controls 
(TOP VIEW) 


Designed for Use with Dual Differential 
Drivers SN55183 and SN75183 


@ Designed to be Interchangeable with 
National Semiconductor DS7820A and 


DS8820A TIN + [J4 18[] 2Ry 
NC 1]5 17({]NC 
description 1STRB []6 16[] 21IN + 
NC |] 7 15[1NC 


The SN55182 and SN75182 dual differential line 1RTC {18 14[]2STRB 
receivers are designed to sense small differential See 

signals in the presence of large common-mode cas Hom 7 ve ee Fa 

noise. These devices give TTL-compatible output = = = 2 

signals as a function of the polarity of the 2 OOo's 


differential input voltage. The frequency 
response of each channel may be easily 
controlled by a single external capacitor to 
provide immunity to differential noise spikes. The output goes to a high level when the inputs are open- 
circuited. A strobe input is provided which, when in the low level, disables the receiver and forces the 
output to a high level. 


NC—No internal connection. 


n 
Bee 
© 

= 
® 
Oo 
® 

aa 
P 
bos 
© 
> 
= 

a) 
@ 

= 

ce 


The receiver is of monolithic single-chip construction, and both halves of the dual circuits use common 
power supply and ground terminals. 


The SN55182 is characterized for operation over the full military temperature range of —55°C to 125°C. 

The SN75182 is characterized for operation from O°C to 70°C. 
logic symbolt logic di a 
gic diagram (positive logic) 
1IN+ 
11N— 
IRT 
1STRB 
1RTC 


10UT 10UT 


21N+ 

2iIN— 

2RT 

2STRB 

2RTC 

TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
Pin numbers shown are for D, J and N packages. 


20UT 
20UT 


PRODUCTION DATA documents contain information : 
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to specifications exas Instruments Te 
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SIBAIBIS 


$N55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


schematic (each receiver) 
RESPONSE TIME FUNCTION TABLE 


CONTROL 
(5, 9) 


NONINVERTING oe 
INPUT 


H = Vj = Vi} min or Vip more 
positive than Vty max 
OUTPUT L = Vj = Vi_ max or Vip more 
(6, 8) negative than VT, max 
X = irrelevant 


RT 
(2, 12) 


GROUND 


INVERTING (1.44) 


INPUT 5 k STROBE 


Resistor values shown are nominal and in ohms. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 


Common-mode input voltage +20 +20 


Differential input voltage (see Note 2) 


Strobe input voltage 


Output sink current 


1378 
ny 
Ra OT ee 
Operating free-air temperature range . 
eeeuangs 0 ee ee ae 
Pe ae a Se ay 
eieierasas 6 oie ea tone Waee Deine iS ae 
aa eee ae 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 
3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55182 
chips are alloy mounted and SN75182 chips are glass mounted. For these devices in the N package, use the 9.2-mW/°C curve. 
For the D package use the 7.6-mW/°C curve. 


Continuous total dissipation at (or below) 


25°C free-air temperature (see Note 3) 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


recommended operating conditions 


[—snssre2 | snvetaz Ty, 


~ 
°o 


38 Bl<|<[<{< 


electrical characteristics over recommended ranges of VCC, VIC, and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS? MIN TYP? MAX 


lon = —400 pA 
lo. = 16 mA, 


lIoOH = —400 vA 

lon = —400 pA 

VID = —1 V, Vstrobe = Zn V, 
lol = 16 mA 


Vic = 15 V 
Inverting input Vic = 0 

Vic = -15V 

Vic = 15 V 
Noninverting input Vic = 0 

Vic = -15V 


ISH High-level strobe current 
ISL Low-level strobe current Vstrobe = O 


: Inverting input 
rj Input resistance - —— 
Noninverting input 
Rt Line terminating resistnce 170 
los Short-circuit output current -4.5 -6.7 


4.2 
lcc Supply current (average per receiver) = ‘ 6.8. .10:2 


> 
NS 
on 
oO 


VOH High-level output voltage 


ra 
o 


VoL_ Low-level output voltage 


n 
he 
® 
= 
o 
1) 
i) 
Cc 
—~ 
” 
ae 
® 
a 
Pa 
an) 
® 
= 
od 


WwW 
oO 
o1 


o>) 


TUnless otherwise noted, Vstrobe = 2-1 V or open. 
+All typical values are at Vcc = 5 V, Vic = 0, and Ta = 25°C. 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


switching characteristics, Vcc = 5 V, TA = 25°C 


Propagation delay time, low-to-high-level output 18 40 jas 


t 
PLH(D) from differential input 


Sat Propagation delay time, high-to-low-level output RL = 400 9, *9 “6 
from differential input Cl = 15 pF, 

Baris Propagation delay time, low-to-high-level output cea-iguce 
from strobe input 


Propagation delay time, high-to-low-level output 15 25 


tPHL(S) 


from strobe input 


PARAMETER MEASUREMENT INFORMATION 


INPUT OUTPUT 


Vec=5V 


PULSE 


ad 

=i GENERATOR NO. 1 See Note C 
© (See Note A) 

Oo CL= 15 pF 
i PULSE (See Note B) 
oO GENERATOR NO. 2 

o (See Note A) 

ol STROBE aaa 

» INPUT 1 

. TEST CIRCUIT 

@. 

=| 

” 


| | VOH 
OUTPUT 1.3V 13V 1.3V 1.3V 
— 2 


' 
See 
tPHL(S) ; 
VOLTAGE WAVEFORMS 
NOTES: A. The pulse generators have the following characteristics: Z9 = 500, tr < 10 ns, t; < 10ns, ty = 0.5 +0.1 us, PRR < 1 MHz. 


B. Cy includes probe and jig capacitance. 
C. All diodes are 1N3064 or equivalent. 


FIGURE 1. PROPAGATION DELAY TIMES 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICSt 


DIFFERENTIAL INPUT THRESHOLD VOLTAGE DIFFERENTIAL INPUT THRESHOLD VOLTAGE 
vs vs 
SUPPLY VOLTAGE COMMON-MODE VOLTAGE ‘ 


Vip—Differential Input Threshold Voltage—V 
Vip—Differential Input Threshold Voltage—V 


4.5 5 5.5 6 
Vcc—Supply Voltage—V Vic—Common-Mode Input Voitage—V 


FIGURE 2. FIGURE 3. 


DIFFERENTIAL INPUT THRESHOLD VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


” 
Pde 
® 
z= 
® 
Oo 
® 
cc 
— 
~” 
rok 
® 
2 
“in 
Q 
® 
= 
cual 


> 100 
= 
l 
@® 
t=?) 
be 50 
6 
> 
= 
3 0 
S 
< 
~~  —50 
a 
a 
£ 
= —100 
= 
® 
S 
= .—§55 
‘i 
= 
> -—200 


—75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— C 


FIGURE 4. 


TData for temperatures below 0°C and above 70°C are applicable to SN55182 circuits only. 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICSt 


OUTPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE VOLTAGE TRANSFRER CHARACTERISTICS 


7% > papa 
| 
® 
E 2 3 
5 = 
> s 
Ss ro) 
Sy 3 
; coud may ete 
| 
oO a 4 
gst (a BS eee eek 3 cope eee 
. 1 fi 
2 & ae mes ieee 
Uv 0 ROI RR Be SS 
< —75 -—50 -25 0 26° -60 - 76° 100. 125 —0.5 —0.3 —0.1 0.1 0.3 0.5 
@ Ta—Free-Air Temperature—C Vip—Differential Input Voltage—V 
i 
» FIGURE 5 FIGURE 6 
'?) 
©, 
INPUT CURRENT TERMINATING RESISTANCE 
re vs vs 
INPUT VOLTAGE FREE-AIR TEMPERATURE 
cs Rae 
ne 
< c 
i te ie ie ie tes oat 
: ee ee aa 
= 2) 
| c + 
O = 
5 g 
& E 
= ha 
re | 
p= 
cc 
—75 -50 -25 0 25. - 50. -.75..100° 125 
V ,—Input Voltage—V Ta—Free-Air Temperature— C 
FIGURE 7 FIGURE 8 
tData for temperatures below 0°C and above 70°C are applicable to SN55182 circuits only. 
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SN55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL CHARACTERISTICSt 


SUPPLY CURRENT POWER DISSIPATION 
(AVERAGE PER RECEIVER) (AVERAGE PER RECEIVER) 
vs vs 
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE 


300 


Vcc =5V 
Vip=-1V 


¢ = Max rated Pp at Ta = 125° a 3 
d ! 
5 s \ 
oO = 
= 6 2 
= [a 
a - 
2 geacen ie 
= [=) 

2 a 

0 


—20 -2 10 20 
Vic—Common-Mode Input Voltage—V Mig -Mode Input Voltage—V 


FIGURE 9 FIGURE 10 


NOISE PULSE DURATION 
vs 
RESPONSE TIME-CONT ROL CAPACITANCE 


1000 Fcc =5V a a 
700 cc ~ 8) HH a = eee 
Ta =25°C T_T antl 
See N “ . i ll 
goo | see Note | Sati amma 


” 
hn 
® 
2 
® 
iS) 
® 
cc 
Sai) 
” 
a 
® 
2 
= 
a 
® 
5 
aaa 


tw —Maximum Noise Pulse Duration—ns 
— 
r=) 
S 


10 40 100 400 1000 4000 10,000 
Response Time Control Capacitance—pF 
FIGURE 11 INPUT PULSE FOR FIGURE 11 
PROPAGATION DELAY TIMES FROM 
DIFFERENTIAL INPUT PROPAGATION DELAY TIMES FROM STROBE INPUT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Differential Input—ns 
Strobe Input —ns 


tPLH(D) or tpHL(D)—Propagation Delay Time from 
tPLH(S) OF tpHL(S)—Propagation Delay Time from 


1 4 
—75 -50 -25 0 25 50 75 100 125 —~J5"=50 —25 --0- 25°. 60.75. 100.125 


Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C 


FIGURE 12 FIGURE 13 


¢ 


TData for temperatures below O0°C and above 70°C are applicable to SN55182 circuits only. 
NOTE 4: Figure 11 shows the maximum duration of the illustrated pulse that can be applied differentially without the output changing 


from the low to high level. 
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$N55182, SN75182 
DUAL DIFFERENTIAL LINE RECEIVERS 


TYPICAL APPLICATION DATA 


Vec=5V 
%'183 c---- 


Pe oe = a, 


INPUTS { 


gOnpD 


OUTPUT 


| 
| | 
| NONINV RESP TIME CONT 
i INPUT | 100 pF 
eee 2 | TWISTED STROBE — T° (see Note 8) 
pO SE gS hp AES PAIR L GND J 
al oe 


NOTES: A. When the inputs are open-circuited, the output will be high. A capacitor may be used for dc isolation of the line-terminating 


= resistor. At the frequency of operation, the impedance of the capacitor should be relatively small. 
@ Example: let f = 5 MHz 
ws) C = 0.002 pF 
ae 
1 1 
= Po = = 
7 2nfC 2x (5 x 108) (0.002 x 10~§) 
esi Zc = 162 
@ B. Use of a capacitor to control response time is optional. 
?) 
= FIGURE 14. TRANSMISSION OF DIGITAL DATA OVER TWISTED-PAIR LINE 
@ 
| 
” 
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Single 5-V Supply 

Differential Line Operation 

Dual Channels 

TTL Compatibility 

Short-Circuit Protection of Outputs 


Output Clamp Diodes to Terminate Line 
Transients 


High-Current Outputs 
@ Quad Inputs 


Single-Ended or Differential AND/NAND 
Outputs 


@ Designed for Use with Dual Differential 
Drivers SN55182 and SN75182 


@ Designed to be Interchangeable with 
National Semiconductor DS7830 and 
DS8830 


description 


The SN55183 and SN75183 dual differential line 
drivers are designed to provide differential output 
signals with high-current capability for driving 
balanced lines, such as twisted-pair, at normal 
line impedances without high power 
dissipation. These devices may be used as TTL 
expander/phase splitters, as the output stages 
are similar to TTL totem-pole outputs. 


SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 


D1292, OCTOBER 1972—REVISED SEPTEMBER 1986 


SN55183 . . . J PACKAGE 
SN75183 ....D, J OR N PACKAGE 


(TOP VIEW) 


SN55183 .. . FK PACKAGE 


(TOP VIEW) 
O 
eS: 
Rf) SLE Ff hse RD yy asa 
a4" 
1C {4 18]] 2C 
NC [J5 171} NC 
1D [J 6 16]] 2B 
NC [7 151} NC 
1¥ {{8 141] 2A 


IO tite ao 


9 
oo seme Uae Teas ts 
NS Cy-OL® > 
2 aoa 
Oo 


NC—No internal connection. 


The driver is of monolithic single-chip construction, and both halves of the dual circuits use common power 


supply and ground terminals. 


The SN55183 is characterized for operation over the full military temperature range of —55°C to 125°C. 
The SN75183 is characterized for operation from O°C to 70°C. 


logic symbolt 


(1) 


1A (5) 1Y 
1B 
1C 

1Z 
1D 
i ay 
2B 
2C 

2Z 


2D 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 


Pin numbers shown are for D, J, and N packages. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform 
to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


logic diagram (positive logic) 


(1) 


1A 
1v¥ 


1B 


1C 
1Z 
1D 


2A 


2B 
2c 


2D 


positive logic: Y = ABCD 
Z = ABCD 


Copyright © 1986, Texas Instruments Incorporated 
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SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 


schematic (each driver) (14) 
1 


ae Vcc 
O 
| : 
ei 3 
7 Z 
B (2, 11) sie 
WH 
es : 
yf 


aS oe (7) 


(3, 12) 


(4, 13) a 
D 


SIBAI9DOY/SJBAUG UIT ES 


VW 
GND 


Resistor values shown are nominal and in ohms. 
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SN55183, SN75183° 
DUAL DIFFERENTIAL LINE DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) . f 


Supply voltage, Vcc (see Note 1) 
Input voltage RC 


3 
Ci 7 eee aS RSET 
[Operating free-air tomperaturerengeSSSCSC*~—“~*~*~*~*~*~“‘~“C*~*~‘~‘~‘“‘“*~*~*~*~*~*S*S*S*S~*d HTB DI | 
[Storage temperature range SCSCSCSC~SCSCSCSCSCSCSd 0 180] 
[Case temperature for 60 seconds: FK package ——SSCSC~—“~sCS~—C—‘“‘—*S*S*S*S*~*—~“‘—~S*~s*~—s~s~sSC‘iSECSC*dSC 
[Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds: Jpackage——~—=~S~*srtC*é‘ O80 +e 
[ead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package | | 260] °C 


NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Not more than one output should be shorted to ground at a time. 
3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the J package, SN55183 
chips are alloy mounted and SN75183 chips are glass mounted. For these devices in the N package, use the 9.2-mW/ °C curve. 
For the D package, use the 7.6-mW/°C curve. 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 3) 


recommended operating conditions 


Supply voltage, Vcc 
High-level input voltage, Vi} 


Low-level input voltage, Vi, 
High-level output current, lo 
Low-level output current, Io. 
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Operating free-air temperature, Ta 


electrical characteristics over recommended ranges of VCC and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Vin=2V, lon= -08mA | 24 
VoH_ High-level output voltage ¥ IH OH sta 


(AND) IH OH = 


V L | | output voltage OUTPUT Vit_ = 0.8 V, lol = 32 mA vie SE ee 
-level o Vv 
Pig ee ei Vin = 0.8, lon = 40 mA [0.22 0.4 
went Vir = 0.8V, loH = —0.8 mA 
VoH = _ High-level output voltage Z 
Vi = 0.8 V, | = —-40mA 


VoL Low-levee! output votage | oureur | VW = =. _Tou = 7 mA SETS 
ow-levael output voltage 
_ a Eesha 2° Sa ada | 0.22 0.4 | 
iH High-level input current Vin = 2.4V 


I Input current at maximum input voltage * ViH = 5.5 V i ns See 
Ne Low-level input current Vit = 0.4 V 


los __ Short-circuit output current# Vec = 5 V, Ta = 125°C -40 -100 —120 


; Vcc = 5 V, All inputs at 5 V, 
lcc Supply current (average per driver) 


No load 
TAll typical values are at Vcc = 5 V, Ta = 25°C. 
+Not more than one output should be shorted to ground at a time and duration of the short-circuit should not exceed one second. 
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SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 


switching characteristics, Vcc = 5 V, TA = 25°C 


low-to-high-level Y output AND 
Propagation delay time, gates 
Propagation delay time, 

Propagation delay time, gates 


Propagation delay time, 


low-to-high-level 
differential output 
Propagation delay time 


*PLH Y output 


with respect 


to Z output 


tpH_ _high-to-low-level 


differential output 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


eal | 


Cy = 15 pF, 
See Figure 1(a) 


100 Q in series 
with 5000 pF, 
See Figure 1(b) 


a PARAMETER MEASUREMENT INFORMATION 
= 
® INPUT Vec = +5 V 
ww) pe Se oe ee: 2.5 Vv 
= INPUT 15V 1.5V 
= ! Ov 
¥ 
~~ PULSE } ! 
wn GENERATOR OUTPUT —?| PLH }¢@— _—?| tPHL|@— | 
Vv (See Note A) i Cy = +5 pF y | ' 1 OH 
® (See Note B) OUTPUT 15V | 1.5V 
. Z ! VOL 
os OUTP t 
= Pimp enmageng:* ay - UT \ —?| PLH/@— Von 
© ie i z 1.5V 1.5V 
a = = (See Note B) OUTPUT ; ; ; f > i cone, 
——?| tpi je— OL 
TEST CIRCUIT VOLTAGE WAVEFORMS 
(a)—OUTPUTS Y AND Z 
INPUT Vec=5V 
yp MES ee nie eer ae ee ane 3V 
15V 1.5V 
PULSE Ov 
GENERATOR 100 2 
(See Note A) —> ‘PLH je— —o| ‘PHL }e— + 
| DIFFERENTIAL ‘ ‘Sia So al YS 
AON. BE OUTPUT ov ov 
| Zz VOLTAGE -Vys 
be ee oe oe om oe on aabeue OUTPUT 
TEST CIRCUIT VOLTAGE WAVEFORMS 
(b)—DIFFERENTIAL OUTPUT 
NOTES: A. The pulse generators have the following characteristics: Zo = 500, tr < 10 ns, tf < 10 ns, tw = 0.5 us, PRR < 1 MHz. 
B. C, includes probe and jig capacitance. 
C. Waveforms are monitored on an oscilloscope with Rj, > 1 MQ. 
FIGURE 1. PROPAGATION DELAY TIMES 
T 4s 
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SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICST 


THRESHOLD VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 


200 22 LOAD 


> > 
é é 
eo oi 
— = 
$ s 
bs @ | ~ 
= | 
£ SS 
é 6 
= | 
F x 
oO 
f= 
> x w 
he 
® 
= 
® 
0.4 1S) 
—75 -50 —25 0 25 50 75 100 125 0 -—20 —40 -—60 -80-—100 —120 —140-—160 Po 
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a) 
DIFFERENTIAL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE D 
VS vs es 
DIFFERENTIAL OUTPUT CURRENT OUTPUT CURRENT = 
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Fi Dt ae 
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: ON, g 
Bo peed TR ADS 4 ge 
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Ae Ses lee et 
0 25 50 75 100 125 0 20 40 60 80 100 120 140 160 180 200 
lop—Differential Output Current—mA !oL—Output Current—mA 
FIGURE 4 FIGURE 5 


TData for temperatures below O°C and above 70°C are applicable to SN55183 circuits only. 
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SN55183, SN75183 
DUAL DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICSt 


PROPAGATION DELAY TIME OF TOTAL POWER DISSIPATION 
DIFFERENTIAL OUTPUT (BOTH DRIVERS) 
vs vs 
FREE-AIR TEMPERATURE FREQUENCY 
Vec =5V 
No load 
= Input: 3-volt square wave 
. E 
| 
E 
be . 
> rol 
& 7 
2 2 
an) OQ 
5 5 
Ss s 
: é ee anil 
a ar) 
° ~ 
' : Stitt 
0.1 0.4 1 4 10 40 100 
Ta—Free-Air Temperature— C f—Frequency—MHz 
FIGURE 6 FIGURE 7 
tT Data for temperatures below O°C and above 70°C are applicable to SN55183 circuits only. 
TYPICAL APPLICATION DATA 
Vec =5V 
Vv =5V 
er % SN55182 < 
% SN55183 Sra emrp ORL re pee Ee a Z 
SOR Bee ee) Sit ERS | 
A inv. | 
B Se. Ca | 
INPUTS { c | 
2 | 


OUTPUT 


| RESP TIME CONT 


NONINV 

| INPUT | 
| TWISTED STROBE 

GND ah PAIR | GND 


Fee hots pani aie a 


NOTES: A. When the inputs are open-circuited, the output will be high. A capacitor may be used for dc isolation of the line-terminating 
resistor. At the frequency of operation, the impedance of the capacitor should be relatively small. 


100 pF 
4+ (See Note B) 


Example: let f = 5 MHz 
C = 0.002 uF 
Zc = 1 = OBE riren eaees 9! NS Ps ee, | 
2xfC 2x (5 x 108) (0.002 x 10-6) 
Zc = 162 


B. Use of a capacitor to control response time is optional. 


FIGURE 8. TRANSMISSION OF DIGITAL DATA OVER TWISTED-PAIR LINE 
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SN55188, SN75188 
QUADRUPLE LINE DRIVERS 


D1323, SEPTEMBER 1983—REVISED SEPTEMBER 1986 


Meets Specifications of EIA RS-232-C SN55188 . . . J PACKAGE 
SN75188 ...D OR J PACKAGE 
@ Designed to be Interchangeable with (TOP VIEW) 
Motorola MC1488 
@ Current-Limited Output: 10 mA Typ 
@ Power-Off Output Impedance: 300 {) Min 
@ Slew Rate Control by Load Capacitor 
@ Flexible Supply Voltage Range 
@ Input Compatible with Most TTL Circuits 
description SN55188 . . . FK 
CHIP CARRIER PACKAGE 
The SN55188 and SN75188 are monolithic (TOP VIEW) 
quadruple line drivers designed to interface data | : 
terminal equipment with data communications O O 
equipment in conformance with EIA Standard <= 2= 2 
RS-232-C using a diode in series with each == 


supply-voltage terminal as shown under typical 


ae: 1Y 1} 4 18 [J] 4A 
applications. ncfs 17 f1NC 
The SN55188 is characterized for operation over 2A 1] 6 16 [|] 4Y 
the full military temperature range of —55°C to NC)7 15(}]NC 
125°C. The SN75188 is characterized for 2Bf)8 14[] 3B 


operation from O°C to 70°C. 9 
sso eee 
logic symbolt NZZ0M 


NC—No internal connection 
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logic diagram (positive logic) 


(2) (3) 
1A 1¥ 
(4) 
2A (6) 
PES 2Y 
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. (9) 
(8) 
(10) 3Y 
FUNCTION TABLE 3B 


(DRIVERS 2 THRU 4) 


a 
a 
|< 
> > 
o > 
= 
= 
ney 
Pony 
> 
< 


L H Positive logic 
et, a Ta Y =A (driver 1) 
H = high level, Y = ABorA+B (drivers 2 thru 4) 
L = low level, 
X = irrelevant Pin numbers shown are for D, J, and N packages. 
PRODUCTION DATA documents contain information P 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 4-391 
necessarily include testing of all parameters. INSTRUMENTS 
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SN55188, SN75188 ) 
QUADRUPLE LINE DRIVERS 


schematic (each driver) 


TO OTHER 
DRIVERS 


Vec+ 


A 
INPUT(S) 
B---4¢--- 
OUTPUT 
GND 
TO 
OTHER 
r. DRIVERS 
a 
 @ Vcc— 
Uo TO OTHER All resistor values shown 
< DRIVERS are nominal and in ohms. 
@ 
® absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
~ SN55188 SN75188 UNIT 
° Supply voltage Vcc + at (or below) 25°C free-air temperature (see Notes 1 and 2) V 
< Supply voltage Vcc — at (or below) 25°C free-air temperature (see Notes 1 and 2) 
@ Input voltage range 
” Output voltage range 
B package. «(see at 
Continuous total dissipation at (or below) FK package 1375 
25°C free-air temperature (see Note 2) J package 1375 
Npackage |_| 
Operating free-air temperature range —55 to 125 
Storage temperature range —65 to 150 —65 to 150 
Case temperature for 60 seconds FK package 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J package 300 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package Rea PS eee 
NOTES: 1. All voltage vaiues are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Maximum Supply Voltage Curve, Figure 6, and the Dissipation 
Derating Curves in Appendix A. In the J package, SN55188 chips are alloy mounted and SN75188 chips are glass mounted. 
recommended operating conditions 
Supply voltage, Vcc + 7.5 ; 
Supply voltage, Vcc — -7.5 -9 -15 |-7.5 -9 -15 
High-level input voltage, Vin Peder pon mee pene 
Low-level input voltage, Vit a Oe eee ee 
Operating free-air temperature, Ta —55 125 
Texas 
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SN55188, SN75188 
QUADRUPLE LINE DRIVERS 


electrical characteristics over operating free-air temperature range, VCC + = 9V, VCC-— = -9V 
(unless otherwise noted) 


SN55188 
MIN TYPt MAX 
(See Note 3) 


SN75188 
MIN TYPt MAX 


UNIT 
(See Note 3) 


PARAMETER TEST CONDITIONS 


V = 9V, 
cd: Madan abe | 
FOC ote Y 
VOH High-level output voltage V 
Vec+ = 13.2-V, 
3.. 71035 
Veco = -=13,2 V 
V = 9V, 
Ses LRU eS a ear: 
V Low-level output voltage i eed V 
Ol : ? PEE EE RTA 
10.5 -9 
Ver Se SS eM 
iH Highvievel input current [Vi = 5V Rt ae ee 
i_Lowrlevel input current 
| ape eanaiee Vj = 0.8 V Vo = 0 46. =9-=16.8°|-6 | 92 348-) e 
OS(H) current at high level* omaha e:* ae - 
hse Debarelog ek Vj = 1.9V Vo = 0 46. 5496) 61a. Ae ae 
= A.9V, = m 
OS(L) current at low level? ' 0 
Output resistance, V = 0, Veo = 0, 
ro i eit ee 300 300 
power off Vo = -2Vto2V 
Vota. = 2, All inputs at 1.9 V 15 20 5 20 
No load All inputs at 0.8 V 
; Supply current Vec+ = 12V, All inputs at 1.9 V 19 25 25 a 
m 
CC+ from Vee + No load All inputs at 0.8 V 2 sw: 
Vec+ = 15V, All inputs at 1.9 V 34 
: 


Vee = -9V, 
No load 
Vec- = 12V. 2 
No load 

Vec- = -18V, 
No load, Ta = 25°C 


Vécx% = 3 V. Vee.-= -3Y¥, 
No load 
Veow. = 12 7, Vec-— = -12V, 
No load 


Supply current 


Ww 


Pe. 


3 


from Icc — 


No load, Ta = 25°C] All inputs at 0.8 V 


l l 
_ —_ 
ror) Ww 
| | | 
a) ~s 
ol pS NI 
l | 
=a -_ rath oer ~ 
co ra) Te) 
ly 
Now es 
ones si} th 
ee ae 


W 
Ww 
Ww 


3o0 
Pp Total power dissipation 


o 
~ 
o 
o 
NI 
o>) 

3 


T All typical values are at Ta = 25°C. 

+Not more than one output should be shorted at a time. 

NOTE 3: The algebraic convention in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only, e.g., if —6 V is a maximum, the typical value is a more negative voltage. 
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SN55188, SN75188 
QUADRUPLE LINE DRIVERS 


switching characteristics, VCC + = 9V. VcC- = -9V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


ena 
RL = 3k6, 0175 | ns 
See Figure 1 ae 

| tTHL Transition time, high-to-low-level output! 5 | ons | 
tTLH Transition time, low-to-high-level output? Ri = 3kQ2 to 7 kQ, Cy = 2500 pF, 
tTHL ‘Transition time, high-to-low-level output See Figure 1 


t Measured between 10% and 90% points of output waveform. 
+ Measured between +3 V and -3 V points on the output waveform (EIA RS-232-C conditions) 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


INPUT 1.5V 


i] 
! OV 
\ 

= GENERATOR OUTPUT VoH 
Oo CL | eit shi ae VOL 
= | | 
eG (See Note B) | | 
5 a tTHL—> e— —> he—tTLH 
ee = oe 
a TEST CIRCUIT VOLTAGE WAVEFORMS 
a4 NOTES: A. The pulse generator has the following characteristics: ty = 0.5 ws, PRR = 1 MHz, Zo = 50 2. 
e B. C\_ includes probe and jig capacitance. 
< FIGURE 1. PROPAGATION AND TRANSITION TIMES 
® 
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SN55188, SN75188 
QUADRUPLE LINE DRIVERS 


TYPICAL CHARACTERISTICST 


OUTPUT CURRENT 
vs 


VOLTAGE TRANSFER CHARACTERISTICS OUTPUT VOLTAGE 


Vo—Output Voltage—V 


io—Output Current—mA 


~” 

tees 

® 

2 

® 

+) 

0 02 0.4.06 68. Tf. 1.2 14°16 18 2 —16 -12 -8 -4 0 4 8 12 16 Po 
Vi —Input Voltage—V Vo—Output Voltage—V 7 

FIGURE 2 FIGURE 3 3 

_ 

SHORT-CIRCUIT OUTPUT CURRENT SLEW RATE Qa 

vs vs ® 

FREE-AIR TEMPERATURE LOAD CAPACITANCE .— 

12 (O00 ge - 


lOS(L) (V) Lit ov | | 


100 


Slew Rate—V/us 


10 


rs Wa Ge Rese 
fs Sno Seow ae am BR 
citieecmatit 


1os—Short-Circuit Output Current- mA 


ge 
TT Proposes TT 
= fo) Oe Oe an TON 
saan oGuRe A 
10 100 1000 tate 


—12 
—100-75 -—50-25 O 25 50 75 100 125 150 


T a—Free-Air Temperature— C 
FIGURE 4 FIGURE 5 


TData for tempeatures below 0°C and above 70°C are applicable to SN55188 circuit only. 


Cy_—Load Capacitance—pF 
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SN55188, SN75188 
QUADRUPLE LINE DRIVERS 


THERMAL INFORMATIONT 


MAXIMUM SUPPLY VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


7 
® 
=) 
£ 
C) 
> 
4 
a. 
a 
| 
7) 
=k 
+! 
oO 
© 
2 
aa 
a | 
© Ri 2 3 kQ (from each output to ground) 
UO i) 
=» -—75 -50 -25 0 25 50 75 100 125 
@ Ta—Free-Air Temperature—"C 
” 
—~ FIGURE 6 
>) 
4 TData for temperatures below O°C and above 70°C are applicable to SN55188 circuit only. 
@, 
< 
© TYPICAL APPLICATION DATA 
= Vec+ = 12 V Diodes placed in series with the Vcc + and Vcc ~— leads will pro- 
Vec—=-12V tect the SN55188/SN75188 in the fault condition in which the 
device outputs are shorted to + 15 V and the power supplies are 


OUTPUT TO RTL at low voltage and provide low-impedance paths to ground. 
—0.7VTO3.7V 


1/4 SN55188 
OR SN75188 3V 


OUTPUT TO DTL 


= - -—0.7V TO5.7V 

o = 

= . 1/4 SN55188 

-~O OR SN75188 

pe 

a 

=r OUTPUT TO HNIL 

-—0.7VTO10V 

1/4 SN55188 
OR SN75188 


OUTPUT TO MOS 
—10 V toOV FIGURE 8. POWER SUPPLY PROTECTION TO MEET 


POWER-OFF FAULT CONDITIONS OF 
EIA STANDARD RS-232-C 


1/4 SN55188 


OR SN75188 10k2 


-12V 
FIGURE 7. LOGIC TRANSLATOR APPLICATIONS 


wi 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 


D1619, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


ce Input Resistance ... 3 kQ to 7 kQ SN55189, SN55189A .. . J PACKAGE 
SN75189, SN75189A ... D, J, OR N PACKAGE 
@ Input Signal Range... +30 V (TOP VIEW) 
@ Operates from Single 5-V Supply 
® Built-in Input Hysteresis (Double Thresholds) 
@ Response Control Provides: 
Input Threshold Shifting 
Input Noise Filtering 
Satisfies Requirements of EIA RS-232-C 
Fully Interchangeable with Motorola SN55189, SN55189A . . . FK PACKAGE 
MC1489, MC1489A (TOP VIEW) 
description S 
B<y 8 
These devices are monolithic Low-power ei ~ io $ 
Schottky quadruple line receivers designed to ~~ 
satisfy the requirements of the standard 
1¥ U4 18 [|] 4CONT 


interface between data terminal equipment and 


data communication equipment as defined by a : Y ~~ 

EIA Standard RS-232-C. A separate response = ae a: 

control terminal is provided for each receiver. A NC y NC 
2CONT [8 14[] 3A 


resistor or a resistor and bias voltage source can 
be connected between this terminal and ground 
to shift the input threshold levels. An external a5 
capacitor can be connected between this 
terminal and ground to provide input noise 
filtering. 

The SN55189 and SN55189A are characterized 
for operation over the full military temperature logic diagram (each receiver) 
range of —55°C to 125°C. The SN75189 and 

SN75189A are characterized for operation from 


IO-1 7241 
Va b re ees 
O,O > 
aes 
Oo 


3CONT UL 


NC—No internal connection 
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ce 
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OFC tO 7080, A Y 
logic symbolt RESPONSE 
CONTROL 
1A 
1 CONT 
2A 
2 CONT 


3A 
3 CONT 
4h 
4 CONT 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
Pin numbers shown are for D, J, and N packages. 


Copyright © 1980, Texas Instruments Incorporated 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 


schematic (each receiver) 


OUTPUT Y 


RESPONSE 
CONTROL 


INPUT A 


GND 


SN55189 | SN55189A 
SN75189 | SN75189A 
| RI | 10 ke 


Resistor values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SN55189A SN75189A 

Supply voltage, Vcc (see Note 1) pie SR Sy ae a 
TRS TR nin SR NES ee Aaa een Aya ess ome a) SRE aS Se 
OE ERS Raat eee IS Ee 
cere Susy gms eb 
Spates. Re Pe ot ns ep ene 
RC a ee ental Bak! Re 
[Storage temperature ange SSSOSCS~S~‘“~*S*~S~S~CS~S~S*SCSCSCS*dYCT to 1H | 8 YO TSO] HC 
[Case temperature for 60 seconds: FK package ——SOSCSC~“~S~*“‘*~*~“‘“‘“~*~*~“~S*S*‘i OOSCSdSSCSSSSC‘“d;SC SS 
[Lead temperature 1,6 mm (1/16 inch from case for 10 seconds: D or N package’ |__| 260 | °C 


NOTES: 1. All voltage values are with respect to network ground terminals. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Appendix A. In the J package, 
SN55189 and SN55189A chips are alloy mounted and SN75189 and SN75189A chips are glass mounted. In the N package, 
use the 9.2-mW/°C curve for these devices. 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 2) 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 


electrical characteristics over operating free-air temperature range, Vcc = 5V +1%, (unless otherwise 
noted) 


eat SN55189 SN75189 
PARAMETER or ey TEST CONDITIONSt SN55189A SN75189A UNIT 
MIN TYP? MAX| MIN TYP? MAX 


Positive-going 


T+ 


threshold voltage 


r 5 BC 2.25 


ITA = —55°C to 125°C. | to 125°C 1.30 fe See Sa 


~B5°C to 128°C oA! 20 SPAT] SeneameeR 


— 3 Se 0.75 7.25 Ee 7.25 
See Sn ats ARES a maar SS eels 
Mygehaig voltage ee —55°C to 126°C | 0.35 1.6 Ne ee 


output voltage a open, — = -0.5mA 

hese be voltage 
a 
> ne sae 

output Current 
icc Supply current [2 [Vi=5¥,  Outputsopen | 2026] 20 | A 


T All characteristics are measured with the response control terminal open. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 
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switching characteristics, Vcc = 5 V, Ta = 25°C 


TEST 
PARAMETER TEST CONDITIONS TYP MAX UNIT 
FIGURE 
tpLH Propagation delay time, low-to-high-level output = 15 pF, Ri = 3.9 kQ ee 


tpH_ Propagation delay time, high-to-low-level outut : = 15 pF, RL = 3900 ee 


tTLH Transition time, low-to-high-level output a = 15 pF, aL = 3.9 kQ 120 175 


tTHL Transition time, high-to-low-level output 
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SN55189, SN55189A, SN75189, SN55179A 
QUADRUPLE LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATIONT 
Vcc 
Vr. Vi 


RESPONSE ft 
CONTROL y OL 


OPEN 3 3 ad ad 
UNLESS Cc Rc 
OTHERWISE e 
SPECIFIED ne, 
af aS Sys BRE 
FIGURE 1. Vt+, VT-—. VOH, VOL 
Vcc 
fee 
: 1H 
OPEN 
+ 
IL 
RESPONSE 
CONTROL 
OPEN 


Icc is tested for all four 
receivers simultaneously 


FIGURE 2. lH. iL. Icc 


Vcc 


| | | es 
RESPONSE 


=, CONTROL re 
OPEN 


FIGURE 3. los 


T Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATIONt 


Vcc 


OUTPUT 


PULSE 
GENERATOR 
(See Note A) 


(See Note C) 


Cy, = 15 pF 
RESPONSE | (See Note B) 


CONTROL 


OPEN = 
TEST CIRCUIT 
< 10ns—pl je —>| e-< 10ns 
| i_| 
| F90% 90% * | 
) 50% 
10% eis 10% 
INPUT Ov 
le tpHi—pl le tPLH—o 
I 
Vv 
OUTPUT a ( gor VOM 
1.5V 1.5V | 
| 10% 10% 


| 
tTHL— /e—- je— tTLH—pl 
VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyz =~ 502, tw = 500 ns. 
B. C; includes probe and jig capacitances. 
C. All diodes are 1N3064 or equivalent. 


FIGURE 4. SWITCHING TIMES 
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T Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS | 


Vo— Output Voltage—V 


Vo— Output Voltage—V 


4-402 


TYPICAL CHARACTERISTICST 


SN55189, SN75189 
OUTPUT VOLTAGE 


vs 
INPUT VOLTAGE 


Vec = 5V 
Ta = 25°C 
See Figure 1 


Vi—Input Voltage—V 
FIGURE 5 


SN55189A, SN75189A 
OUTPUT VOLTAGE 
vs 
INPUT VOLTAGE 


Rc = 5 k0Q Roe = 11k2 | Vec = 5 V 
Vo =5V Vo = -5V| Tag = 25°C 
-2 -1 0 a. 


1 2 3 
V;j—Input Voltage—V 
FIGURE 6 


TData for free-air temperatures below O°C and above 70°C are applicable to SN55189 and SN55189A circuits only. 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 


TYPICAL CHARACTERISTICST 


INPUT THRESHOLD VOLTAGE 
vs 
SUPPLY VOLTAGE 


4 > 
| 
© © 
=.) 
s iy 
[@) — 
> Ss 
3 7s es 
el ec i 
4 189A Vr— 
: g br On i ee 
* sa Fee ae od os lee eter 
= ww 
5 5 7 
2 E . 
Ra 
® 
©) 
® 
—-75-50-25 0 25 50 75 100 125 150 x 
” 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V o 
FIGURE 7 FIGURE 8 rs 
TData for free-air temperatures below 0°C and above 70°C are applicable to SN55189 and SN55189A circuits only. 2 
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SN55189, SN55189A, SN75189, SN75189A 
QUADRUPLE LINE RECEIVERS 


TYPICAL CHARACTERISTICS 


NOISE REJECTION 


ae 
AGE | 


Mi scthstaeer 
NE tH 


Amplitude —V 
Amplitude—V 


NN ai 


SL 


400 1000 4000 10000 


100 10 


tw—Pulse Width—ns 
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FIGURE 9 
INPUT CURRENT 
vs 
INPUT VOLTAGE 
“ve-ee 11 |. 
"ime ee 
6 
ae Patearh ie 
3 Beme 
8 aaa 
® 
5 0 ee 
: tal 
a Sines 
£ 
- mie 
s ron ke 
-8 
ie Fics 


-25-20-15-10-5 O 5 
V;—Input Voltage—V 


FIGURE 11 


AUN 
NA 


Saae 
0) Bill 


NOISE REJECTION 


A 
aii 


Vec = 5V 
Ta = 25°C 
See Note 3 


jinn HE | 
100 400 1000 4000 10000 


tw —Pulse Width—ns 
FIGURE 10 


10° -15: 20-25 


NOTE 3: This figure shows the maximum amplitude of a positive-going pulse that, starting from zero volts, will not cause a change of 


the output level. 
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SN75207, SN75207B, SN75208, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 


D1314, JULY 1973—REVISED SEPTEMBER 1986 


@ Plug-in Replacement for SN75107A, D, J, OR N PACKAGE 
SN75107B, SN75108A, SN75108B with (TOP VIEW) 
improved Characteristics 


+10 mV Guaranteed Input Sensitivity 
TTL Compatible 
Standard Supply Voltages... +5 V 


Differential Input Common-Mode Voltage 
Range of +3 V 


Strobe Inputs for Channel Selection NC —No internal connection 


‘207 and ‘207B Have Totem-Pole Outputs FUNCTION TABLE 


‘208 and ‘'208B Have Open-Collector DIFFERENTIAL 
Outputs INPUTS STROBES OUTPUT 


@ ‘’B” Versions Have Diode-Protected Input 
Stage for Power-Off Condition 


Xx 


Sense Amplifier for MOS Memories 
Dual Comparator 


High-Sensitivity Line Receiver 


description 


The SN75207, SN75207B, SN75208, and 

SN75208B are pin-for-pin replacements for the 

SN75107A, SN75107B, SN75108A, and 

SN75108B, respectively. The improved input sensitivity makes them more suitable for MOS memory sense 
amplifiers and can result in faster memory cycles. Improved sensitivity also makes them more useful in 
line receiver applications by allowing use of longer transmission line lengths. The ‘207 and ‘207B each 
features a TTL-compatible active-pull-up output. The ‘208 and ‘208B each features an open-collector output 
that permits wired-AND logic connections with similar output configurations. 


H = high level, L = low level, X = irrelevant 
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The essential difference between the unsuffixed and ‘’B’’ versions can be seen in the schematics. Input- 
protection diodes are in series with the collectors of the differential-input transistors of the ‘‘B’’ versions. 
These diodes are useful in certain ‘‘party-line’’ systems that may have multiple VCC + power supplies 
and may be operated with some of the VCC + supplies turned off. In such a system, if a supply is turned 
off and allowed to go to ground, the equivalent input circuit connected to that supply would be as follows: 


Bis iia atte 1s 


UNSUFFIXED VERSION ‘““B’’ VERSION 


This would be a problem in specific systems that might possibly have the transmission lines biased to 
some potential greater than 1.4 volts. 


These devices are characterized for operation from O°C to 70°C and are available in ceramic dual-in-line 
(J) package, plastic small outline (D) package, or plastic dual-in-line (N) package. 


current as of publication date. Products conform to 
specifications ol the terms of Texas Instruments 
standard warrant 2& Production processing does not 


necessarily include testing of all parameters. INST RUMENTS 
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SN75207, SN75207B, SN75208, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 


logic symbolst logic diagram (positive logic) 


SN75207 


= 

| 

@ 

Oo 

oie 

< t 
@ These symbols are in accordance with ANSI/IEEE Std 91-1984 
ow and IEC Publication 617-12. 

— 

a : ‘ 

rs) schematic (each receiver) 
?) 

©. 

< 

@ 

= 

77) 


(4, 9) OUTPUT 
Y 
GND 
(5, 8) STROBE 
G 
| COMMON 
| TO BOTH 
| RECEIVERS 
AS 
(6) STROBE 
Ss 


TO OTHER RECEIVER 


TR = 1 kQ for ‘207 and ‘207B, 750 Q for ‘208 and ‘208B. 
NOTES: A. Resistor values shown are nominal. 
B. Components shown with dashed lines in the output circuitry are applicable to the ‘207 and '207B only. Diodes in series with 
the collectors of the differential input transistors are short-circuited on ‘207 and ‘208. 
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SN75207, SN75207B, SN75208, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 


design characteristics 


The ‘207, '207B, ‘208, and ‘208B line receivers/sense amplifiers are TTL-compatible dual circuits intended 
for use in high-speed data-transmission systems or MOS memory systems. They are designed to detect 
low-level differential signals in the presence of common-mode noise and variations of temperature and 
supplies. Dc specifications reflect worst-case conditions of temperature, supply voltages, and input voltages. 


The input common-mode voltage range is +3 volts. This is adequate for application in most systems. In 
systems with requirements for greater common-mode voltage range, input attenuators may be used to 
decrease the noise to an acceptable level at the receiver-input terminals. 


The circuits feature individual strobe inputs for each channel and a strobe input common to both channels 
for logic versatility. The strobe inputs are tested to guarantee 400 millivolts of dc noise margin when 
interfaced with Series 54/74 TTL. 


The circuits feature high input impedance and low input currents, which induce very little loading on the 
transmission line. This makes these devices especially useful in party-line systems. The excellent input 
sensitivity (3 millivolts typical) is particularly important when data is to be detected at the end of a long 
transmission line and the amplitude of the data has deteriorated due to cable losses. The circuits are designed 
to detect input signals of 10 millivolts (or greater) amplitude and convert the polarity of the signal into 


appropriate TTL-compatible output logic levels. . 
> 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 9 
Baneiy voltae: Vir. (ene ete tie er ot ea er Aes aw A uns ae A A, Cod tig se hee ote 7V Po | 
SRR ae Cg ns ahs ety te aa ee Re tes ck wg NS Re oe a Seg lew ee gut : 
Ditrerartial iNpUt VOIagG (Gob Dita) oe oan ee oe eae aya wee ol ed ie ees +6-V 3 
Camiman-mode input voltage (seg-Notea)=: a. sie a eh ee a ee +5 -V > 
StOUO Wit. MONAGO <2 £05 Vcc. ote amok Ces eon enka cod wo le PRE aso) ona eee eS 5.5 ¥ a 
Continuous total dissipation at (or below) 25°C free-air temperature: (see Note 4) 
PROCS ce 5 5p ais & oe eS Nm aa ee SP CS Ely er vol ey Oe) OE 0: Maar a wee ae 959 mW 2 
ai ROS eo) kb ks 51k Pee aloe SRR Ee See SS kp Cae al gy oe er sare SUR 1025 mW ‘J 
PNP Beh Neen oa co on ee a OA tenth a oe ack ele, ghalp Ae Oo ee 1150 mW 
Operating free-air. temperature omnes 65 5 oe se ei cae be ee ie EE 0°C to. 70%% 
Storage tenseratere fAnde. -os,.c) 9 4 ae ee ie owls ee ek Paes eons Ey ew —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: 
SP EON gy sore. UN Soap ep che oR ae to ERT ek Dae Sip a eee eke pee ay Winlea hls RRS ene tee te 300°¢ 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 
BERT SPT 8 0 ae ipa aeneale Pegrc gee agen gt it lige yh te eS a, Ae Oe RO Cee ee Ma ae a aes Ae oe 260°C 
NOTES: All voltage values, except differential voltages, are with respect to ground terminal. 


7: 

2. Differential input voltage values are at the noninverting (A) terminal with respect to the inverting (B) terminal. 

3. Common-mode input voltage is the average of the voltages at the A and B inputs. 

4. For operation above 25 °C free-air temperature, derate linearly to 608 mW at 70°C at the rate of 7.6 mW/°C for the D package, 
656 mW at 70°C at the rate of 8.2 mW/°C for the J package, and 736 mW at 70°C at the rate of 9.2 mW/°C for the N package. 
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SN75207, SN75207B, SN75208, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 


recommended operating conditions (see Note 5) 


Ree ew SP CMe ee Rt ge nO ee 
Supply voltage, Vcc + 4.75 5 5.25 
Supply voltage, Vcc — —4.75 3. Glee 


Low-level output current, ToL 


Operating free-air temperature, Ta (@) 70 


t The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 
NOTES: 5. When using only one channel of the line receiver, the strobe G of the unused channel should be grounded and at least one 
of the differential inputs of the unused receiver should be terminated at some voltage between —3 V and 3 V. 
6. The recommended combinations of input voltages fall within the shaded area of the figure shown. 
7. The common-mode voltage may be as low as —4 V provided that the more positive of the two inputs is not more negative 
than —3 V. 


RECOMMENDED COMBINATIONS 
OF INPUT VOLTAGES 


Input— A-to-Ground Voltage— V 


—5—4 -3'—-2=1 6." 1° 2°. 3 
Input—B-to-Ground Voltage—V 
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SN75207, SN75207B, SN75208, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 


electrical characteristics over recommended free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
High-level A 
ni. LAS Vecs = +5.25V 
input current hee 
Low-level 
He : Vec+ = +5.25V 


High-level 
lH input current 
into 1G or 2G 
Low-level 


VcCGs = +£5.25 v, VIH(S) = +5.25V 


input current 


into 1G or 2G 
' High-level input Veoc+ = +5.25V, Vinis) = 2.4V 
IH current into S Veca = £5.25 V, Vinis) = £5.25 V 


Vcc+ = 


Vec+ = +4.75V, ViL(s) = 0.8 V, VipH = 10 mV, 

loH = —400 pA, Vic = -3Vto3V 

Vec+ = +4.75V, Vinis) = 2V. VIDL = 
= 16 mA, Vic = -3Vto3V 


Short-circuit 
V +5.25 V 
Supply current from 
= +5.25V, Ta = 25°C 30 | mA 
Supply current from |} 
| = V = +5.25V, Ta = 25°C mA 


T All typical values are at Vcc + = 5 V, Vec-— = -SV. Ta = 25°C. 
+ Not more than one output should be shorted at a time. 


+5.25V, Vitis) = 0.4V 


Line Drivers/Receivers 


switching characteristics, Vcc + = 5 V, Vcc-— = -5V, Ta = 25°C 


‘207, ‘2078 
PARAMETER TEST CONDITIONS nbc 28 Se iar 


Propagation delay time, low-to-high-level 
tPLH(D) 


output, from differential inputs A and B 


Propagation delay time, high-to-low-level 


tPHL(D) 


output, from differential inputs A and B RL = 470, Cy = 15 pF, 


Propagation delay time, low-to-high-level See Figure 1 


tPLH(S) 


output, from strobe input G or S 


Propagation delay time, high-to-low-level 


tPHL(S) 


| yee eee ee 
et | eee 
hee ree or aed 


output, from strobe input G or S 
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SN75207, SN75207B, SN75208, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 


PARAMETER MEASUREMENT INFORMATION 


DIFFERENTIAL — Voc - 
A ; At : OUTPUT 
d ee > 
i S * 
PULSE 
GENERATOR p 2502 50 pF 
(See Note A) | Vref (See Note C) 
| i 100 mV 
& a 
e 
as ¥ (See Note D) 
2B | 
— Lu — se aoe 
OUTPUT 

7s CL 
a 15 pF 
@ STROBE | (See Note C) 
ws) INPUT = 
= i (See Note B) = = 
< PULSE 
= GENERATOR 
a (See Note A) 
me) 
. TEST CIRCUIT 
2. 
— 
© 
= 
” 


‘PHL(S) | J 


a oe 


VoL 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zo; = 500, tr < 5ns, te < 5ns, tw, = 500 ns with PRR < 1 MHz, 
tw2 = 1 us with PRR < 500 kHz. 
B. Strobe input pulse is applied to Strobe 1G when inputs 1A-1B are being tested, to Strobe S when inputs 1A-1B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 
C. C, includes probe and jig capacitance. 
D. All diodes are 1N916. 
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SN75207, SN75207B, SN75208, SN75208B 
DUAL SENSE AMPLIFIERS FOR MOS MEMORIES 
OR DUAL HIGH-SENSITIVITY LINE RECEIVERS 


TYPICAL APPLICATION DATA 


STROBES 


Moet an ak ea a 


INPUT OUTPUT 
FROM TO 
TTL SN75361A eae 8 
or MOS MEMORY i 
SN75452B 
1/2 ‘207, '207B | 
or } 
i 1/2 ‘208, ’208B ! 
ADJUSTMENT ee a as ee ees sed 
DRIVE MEMORY SENSE 
FIGURE 2. MOS MEMORY SENSE AMPLIFIER 
RECEIVER 1 RECEIVER 2 RECEIVER 4 
ba [bsp =>: 
STROBES 
STROBES TRANSMISSION LINE HAVING STROBES 
CHARACTERISTIC IMPEDANCE Zo Rt 
: LOCATION 2 = 
0 
Ry = DRIVER 1 DRIVER 3 DRIVER 4 
A A A 
DATA INPUT , Pee ers = te a3 B Ee p 
Cc Cc Cc 
wor ae aie 
LOCATION 1 LOCATION 3 LOCATION 4 


Receivers are ‘207, '207B, or 208’, or '208B; drivers are SN55109A, SN75109A, SN55110A, SN75110A, or SN75112. 
FIGURE 3. DATA-BUS OR PARTY-LINE SYSTEM 


PRECAUTIONS: When only one receiver in a package is being 
used, at least one of the differential inputs of the 
unused receiver should be terminated at some 
voltage between -3 volts and 3 volts, 
preferably at ground. Failure to do so will cause 
improper operation of the unit being used 
because of common bias circuitry for the current 
sources of the two receivers. Strobe G of the 
unused channel should be grounded. 
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IMPACT is a trademark of Texas Instruments Incorporated 


ADVANCE SN75ALS126 
INFORMATION QUADRUPLE LINE DRIVER 


D2299, FEBRUARY 1986—REVISED OCTOBER 1986 


Meets IBM 360/370 I/O Interface SN75ALS126 ...D, J, OR N PACKAGE 
Specification GA22-6974-3 (Also see (TOP VIEW) 
SN75ALS130) 


@ Minimum Output Voltage of 3.11 V at 
IOH = —60 mA 


@ Fault Flag Circuit Output Signals Driver 
Output Fault 


@® Fault-Detection Current Limit Circuit 
Minimizes Power Dissipation During a Fault 
Condition 


Advanced Low-Power Schottky Circuitry 
Dual Common Enable 


Individual Fault Flags 


Designed to be an Improved Replacement 
for the MC3481 


description H = high level, L 
X = irrelevant, S 


The SN75ALS126 quadruple line driver is ground 

designed to meet the IBM360/370 1/O 

specifications GA22-6974-3. The output voltage 

is 3.11 volts minimum (at |OH = — 59.3 milliamperes) over the recommended ranges of supply voltage 
(4.5 volts to 5.5 volts) and temperature (O°C to 70°C). Driver outputs use a fault-detection current-limit 
circuit to allow high drive current but still minimize power dissipation when the output is shorted to ground. 
The SN75ALS126 is compatible with standard TTL logic and supply voltages. 


= low level, 
= shorted to 


Line Drivers/Receivers a 


The SN75ALS126 employs the IMPACT™ process to achieve fast switching speeds and low power 
dissipation. Fault-flag circuitry is designed to sense and signal a line short on any Y line. Upon detecting 
an output fault condition, the fault-flag circuit forces the driver output into a low state and signals a fault 
condition by causing the fault-flag output to go low. 


The SN75ALS1 26 will drive a 50-ohm load as required in the IBM GA22-6974-3 specification or a 90-ohm 
load as used in many I/O systems. Optimum performance can be achieved when the device is used with 
either the SN75125, SN75127, SN75128, or SN75129 line receivers. 


The SN75ALS126 is characterized for operation from O°C to 70°C. 


ADVANCE INFORMATION 


ADVANCE INFORMATION documents contain \ Copyright © 1986, Texas Instruments Incorporated 
information on new — in the sampling or 4 
preproduction phase of development. Characteristic 
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SN75ALS126 | ADVANCE 
QUADRUPLE LINE DRIVER INFORMATION 


logic symbolt logic diagram (positive logic) 


1A 


2A 


3A 
3A 
3,4G 
3,4G 

- 4A 
a} 
@ 

4A 
Uv t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
< IEC Publication 617-12. 
@ 
a schematics of inputs and outputs 
Ss) 
= 
O. EQUIVALENT OF EACH INPUT TYPICAL OF ALL Y OUTPUTS TYPICAL OF F OUTPUTS 
3 eae ce 
= Vcc 
” 
= : 
< OUTPUT 
m A Inputs: Reg = 20 k2 NOM 
= G Inputs: Reg = 10 k2 NOM 
a) 
= 
= 

Ti 4 
4-414 I EXAS 
NSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADVANCE SN75ALS126 
INFORMATION QUADRUPLE LINE DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


UII MIOIGRCEDS MAINED hack gos x yd 0 ARIE ER EES Soe won ee Ae a os os oe Same Sa 7V 
WHINE Otel oo he con oc a ge ile te ETL DR eee eS BPE ne HE ls 2 2 ead iy Aaland 7V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1): 
Sh ER Cd Eerie wl ee aie Eos Oe TTA RS ete as SE TE AE sare ea aebetice Saad 950 mW 
aD eAIS CCU. <ccge neha guste sl th abso ca Mage BIR sien eR pl OC eR tan ath mw vob hae a Gs 1025 mW 
PG a a oe sos at Soe hl nea eee OE ORE ewe eee EE ee aCe tee tre ee 1150 mW 
Operating tree-sit-temperature: fanda.. sh. css scat ar eis we we £08 dire Das a Hace 0°C to 70°C 
Storage Tterniperausesranee. soso i ise sk Pack Sg RS ei i eee ee oe —-65°C to 150°C : 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package.......... 260 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTE 1: For operation above 25 °C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/ °C, the J package 
to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


Supply voltage, Vcc 4.5 5  §,965 
High-level input voltage, Viy 2 
Low-level input voltage, Vi, 


| 
oO 
co 
w 
E 


Line Drivers/Receivers 


High-level output current, IQH 
Operating free-air temperature, Ta 1@) 70 


ADVANCE INFORMATION 
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electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS | MIN = MAX | UNIT 


¥ Vec = 4.5 V, IoH = —59.3 mA 3.11 
ViH =2V 


Vcc = 5.25 V, Ion = -—41 mA 


< 


V High-level output voltage 
OH g p g ) Vin = 2V 


: V 
ViH =2V 
Vec = 5.5V, lot = —240 pA, 
Vec = 5.95 V, lot = -—1 mA, V 


Veo = 45V, lol = mA, VatOV peat sane tart 

Voces, Wi =O vo=ativ | ——Ss=“‘ Oo], 

Veo =0, Vu = 0, Vo = 3.11V 
5.5 V 


= 0 
cc = 4.5V, Vip = 


Ride oe era nee 2) nr | 


~< 


VOL Low-level output voltage 


lO(off) Off-state output current 


< 


al 


< 


I Input current 
WH High-level input current 
lie Low-level input current 


los Short-circuit output 


Vcc = 5.95 V, Vit = 0.4 V 


Vcc = 5.5V, Vg =0 


Vcc = 5.95 V, Vo = 0 fae = aay, 
' Supply current, all Vcc = 5.5 V, No load PTS ae eS ea 
CCH outputs high Vcc = 5.95 V, No load 


Supply current, Vcc = 5.5 V, No load Base RSE 
ICCL mA 
Y outputs low Vcc = 5.95 V, No load 


< 


Propagation delay time, 
low-to-high-level output Vec = 4.5 V to 5.5 V, 
Propagation delay time, Ri = 502, Ci = 50 pF, 


tPLH 


t 
PHL high-to-low-level output VHiref) = 3-11 V, 


tPLH Ratio of propagation See Figures 1 and 2 
tPHL delay times 
Propagation delay time, Vcc = 5.25 V to 5.95 V, 


t 
Dod low-to-high-level output RL = 9009, Cy, = 50pF, 


Propagation delay time, VHiref) = 3-9 V 
high-to-low-level output See Figures 1 and 2 


tPHL 


Propagation delay time, 


t V =5V, R_ = 2kQ, 
PLH low-to-high-level output ce i 


Ci = 15 of, 
; Propagation delay time, 54 ete Pera 
PHL high-to-low-level output 
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PARAMETER MEASUREMENT INFORMATION 


rel ke fete 
Et | 


A INPUT 
tPLH —>| ~~ oa tPLH NORMAL 
= OPERATION 
Y OUTPUT 
F OUTPUT DRIVER 
SHORT 
CIRCUIT 
OPERATION 


NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, ty < 6 ns, 
te = 6ns, Zoyt = 50 2. 


FIGURE 1. INPUT AND OUTPUT VOLTAGE WAVEFORMS 


5 V 


Y OUTPUT 


Cy = 50 pF 


(See Note A) os 
CLOSE FOR F OUTPUT 
1 TESTING F 


Rt 


Ci = 15 pF 
(See Note A) 


NOTE A: C, includes probe and stray capacitance. 


FIGURE 2. SWITCHING CHARACTERISTICS LOAD CIRCUITS 
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ADVANCE 3 ~ SN75ALS130 
INFORMATION QUADRUPLE LINE DRIVER 


D2299, FEBRUARY 1986 


Meets IBM 360/370 I/O Interface D, J, OR N PACKAGE 
Specification GA22-6974-3 (Also see (TOP VIEW) 
SN75ALS126) 


®@ Minimum Output Voltage of 3.11 V at 
IoOH = —60 mA 


@® Fault-Flag Circuit Output Signals Driver 
Output Fault 


@ Fault-Detection Current Limit Circuit 
Minimizes Power Dissipation During a Fault 
Condition 


Advanced Low-Power Schottky Circuitry 
Common Enable and Common Fault Flag 


Designed to be an Improved Replacement 
for the MC3485 


description 
The SN75ALS130 quadruple line driver is 


; H = high level, L = low level, 
designed to meet the IBM 360/370 I/O \se*iedlevant S<= shorted®to 
specifications GA22-6974-3. The output voltage ground 
is 3.11 volts minimum (at loy = —59.3 'G and F are common to the four 
milliamperes) over the recommended ranges of drivers. If any of the four Y 


outputs is shorted, the Fault- 


supply voltage (4.5 volts to 5.5 volts) and Flag will respond 


temperature (O°C to 70°C). Driver outputs use 
a fault-detection current limit circuit to allow high 
drive current but still minimize power dissipation 
when the output is shorted to ground. The 
SN75ALS130 is compatible with standard TTL 
logic and supply voltages. 


The SN75ALS130 employs the IMPACT™ process to achieve fast switching speeds and low power 
dissipation. Fault-flag circuitry is designed to sense and signal a line short on any Y line. Upon detecting 
an output fault condition, the fault-flag circuit forces the driver output into the off (low) state and signals 
a fault condition by causing the fault-flag output to go low. 


The SN75ALS130 will drive a 50-ohm load as required in the IBM GA22-6974-3 specification or a 90-ohm 
load as used in many I/O systems. Optimum performance can be achieved when the device is used with 
either the SN75125, SN75127, SN75128, or SN75129 line receivers. 


The SN75ALS130 is characterized for operation from O°C to 70°C. 


IMPACT is a trademark of Texas Instruments Incorporated 


ADVANCE INFORMATION documents contain F Copyright © 1986, Texas Instruments Incorporated 
information on new — in the sampling or y) 
capes pod pact ole saag emp yng TEXAS 
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without notice, INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


n 
Sem 
o 

2 
® 
a) 
® 

co 

— 
H 
des 
o 

a 
Be 

a) 
© 

& 

ee 


ADVANCE INFORMATION 


4-419 


SN75ALS130 ADVANCE 
QUADRUPLE LINE DRIVER INFORMATION 


logic symbolT logic diagram (positive logic) 


oe 
S 
@ 
\") 
rf 
< 
© 
=| 
n 
— 
Ps) 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
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ADVANCE SN75ALS130 
INFORMATION QUADRUPLE LINE DRIVER 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL Y OUTPUTS 


Yoo iii, sete Vcc 
Req 20 kQ NOM 
a2 ane wi Y OUTPUT 
INPUT 
GND -_-—-— 


A Inputs: Reg = 20 k2 NOM 
G Inputs: Reg = 10 k2 NOM 


TYPICAL OF ALL W OUTPUTS TYPICAL OF F OUTPUT 
Se Sta Vec Vcc 
F OUTPUT 
W OUTPUT 
_-—— —— GND 
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SN75ALS130 | ADVANCE 
QUADRUPLE LINE DRIVER © | INFORMATION 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SRAY -MOMEOE SAW a iercors, POs. cys kg bo ncsbe heyy sgh Wa oe so 8 ee eee, SE ed ee eI so) a 7V 

SUMPRR ICRRR IRONS Sn RE Sed eg DN ai Gage ecg Saye 8 Poet sea ped ee oe bara te Rie age see 7 ef 
Continuous total dissipation at (or below) 

25°C free-air temperature (see Note 1): D package ...............0 0202 950 mW 

ae: ee nme a Se OS ein ee ates 1025 mW 

Ne eens oS sc Oe ee ee San 1150 mW 

Operating: Trea-el-tomperatule TENGE os. ee ee oo 5s oe w pee woke O°C to 70°C 

PROT GUI LOIS TCLS © OTIS ca.) ge ghia coces ioe AS ad oo ee ee —-65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package.......... 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTE 1: For operation above 25 °C free-air temperature, derate the D package to 608 mW at 70°C at the rate of 7.6 mW/ °C, the J package 
to 656 mW at 70°C at the rate of 8.2 mW/°C, and the N package to 736 mW at 70°C at the rate of 9.2 mW/°C. 


recommended operating conditions 


7a Supply voltage, V 
4 High-level input voltage, V 
aa i 
we) ' | Low-level input voltage, Vj 
= High-level output current, IQH 
= Operating free-air temperature, Ta 
r; 
5 electrical characteristics over recommended operating free-air temperature and supply voltage range 
(unless otherwise noted) 
5 
O. PARAMETER TEST CONDITIONS | MIN == MAX | 
= Vik Input clamp voltage A,G | l= -—18 mA 
& Veo = 45V, lon = ~59.3mA, Vin = 2V 
VoH High-level output voltage Vec = 5.25 V, lon = -41 mA, Vin = 2V 
Voc = 55V, lol = —2400A, Vn =O08V | O18 
Veo = 595V lol = -1mA, Vy -oev | ots | 
VOL Low-level output voltage Ec os S 
Veo =4:5V, Io =8mA,  YatOV 
Vcc = 4.5V, lo = 8mA 
Veco = 4.5V, Vit = 0, Vo = 3.11V 
IO(off) Off-state output current pA 
Vcc = 0. Vit = O, Vo = 3.11 V 200 


cc = 5.95 V, Voy = 5.95 V 


Vcc = 4.5 V, Vip = 5.5 V 


IOH High-level output current 
I Input current 
NH i 

L 


Vcc = 4.5V, Vin = 2.7 V 


High-level input current 
ly Low-level input current 


NO 
o1 


Vec = 5.95 V, Vip = 0.4 V 


< 
oO io} (o} Ke) 
= 
Ss 


V = ey OB Vt Vie 
Ys CC O ay? — 100 
et senate eee Pee ey 
Vec = 5.95 V, Vo = 0 


_ 
| 
ad 
_ 
(e) 


BS 


outputs high Vcc = 5.95 V, No load 
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ADVANCE 
INFORMATION 


SN75ALS130 
QUADRUPLE LINE DRIVER 


switching characteristics over recommended operating free-air temperature range 


PARAMETER 


tPLH 


tPHL 


tPLH 
tPHL 


tPLH 


tPHL 


Propagation delay time, 
low-to-high-level output 
Propagation delay time, 
high-to-low-level output 
Ratio of propagation 
delay times 
Propagation delay time, 
low-to-high-level output 
Propagation delay time, 
high-to-low-level output 


TEST CONDITIONS 


Vcc = 4.5 V to 5.5 V, 

Ri = 502, CL = 50 pF, 
VH(ref) = 3-11 V, Input f = 1 MHz 
See Figures 1 and 2 


Vcc = 5.25 V to 5.95 V, 
RL = 90Q, 


Cy = 50 pF, 
VHiref) = 3-9 V, Input f = 5 MHz 
See Figures 1 and 2 


Propagation delay time, 
— 7 Vec = 5V, Ri. 


Ci = 15 pF, 
See Figures 1 and 2 


low-to-high-level output 
Propagation delay time, 
high-to-low-level output 


Propagation delay time, 
oy Vec = 5V, Rp 


Ci = 15 pF, 
See Figures 1 and 2 


low-to-high-level output 
Propagation delay time, 
high-to-low-level output 


” 
thes 
® : 
A 
® 
Oo 
o 
cc 
~~ 
” 
Bsee 
o 
= 
hes 
a) 
o 
= 
= 


4.0V 
A INPUT 
—-——-—o0Vv 
VOH 
NORMAL 
YoureUut OPERATION 
as 2 
— =~ VOH = 
W OUTPUT <q 
vou = 
LL. 
DRIVER = 
SHORT- 
F OUTPUT 1.3V+4- 1.3V CIRCUIT LL 
OPERATION © 
NOTE A: The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, duty cycle = 50%, t; < 6 ns, > 
FIGURE 1. INPUT AND OUTPUT VOLTAGE WAVEFORMS = 
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SN75ALS130 | ADVANCE 
QUADRUPLE LINE DRIVER INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


5V 


W OUTPUT 


Cy = 15 pF 


ch (See Note B) 


Y OUTPUT 


CLOSE FOR 


RL Cy = 50 pF R 
TESTING F 


| (See Note B) 


5V 
2 kQ 
F OUTPUT 
CL = 15 pF 


i|/—o 


(See Note B) 


NOTE B: C, includes probe and stray capacitance. 


FIGURE 2. SWITCHING CHARACTERISTICS LOAD CIRCUITS 
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ADVANCE SN75ALS160 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


D2525, JUNE 1986 


MEETS IEEE STANDARD 488-1978 (GPIB) 


8-Channel Bidirectional Transceiver DW, J, OR N PACKAGE 
(TOP VIEW) 


High-Speed Advanced Low-Power Schottky 
Circuitry 


@ Low Power Dissipation . . . 46 mW Max per 
Channel 


Fast Propagation Times . . . 20 ns Max ait 


PORTS 


TERMINAL 


; 1/0 PORTS 
High-Impedance P-N-P Inputs 


Open-Collector Driver Output Option 


® 
@ 
@ Receiver Hysteresis ...650 mV Typ 
® 
@ 


No Loading of Bus When Device is Powered 
Down (Vcc = 0) FUNCTION TABLES 


@ Power-Up/Power-Down Protection (Glitch- EACH DRIVER EACH RECEIVER 
Free) 


INPUTS | OUTPUT INPUTS | OUTPUT 
description 8 D 


The SN75ALS160 eight-channel general- 
purpose interface bus transceiver is a monolithic, 
high-speed, Advanced Low-Power Schottky 
device designed for two-way data 


H bute re L 
L My ue H 
zt X Hes 4 
ae 


communications over single-ended transmission H = high level, L = low level, X = irrelevant, 
lines. It is designed to meet the requirements of fA hileincty peed ; o 
IEEE Standard 488-1978. The transceiver Bean een ee ee ee rete 

. ; output modified by the internal resistors to Vcc and 
features driver outputs that can be operated in ground. 


” 
bes 
® 
z 
® 
O 
® 
cc 
~— 
” 
hem 
® 
> 
‘= 
an) 
® 
— 
onal 


either the passive-pullup or three-state mode. If 
Talk Enable (TE) is high, these ports have the 
characteristics of passive-pullup outputs when 
Pullup Enable (PE) is low, and of three-state 
outputs when PE is high. Taking TE low places 
these ports in the high-impedance state. The 
driver outputs are designed to handle loads up 
to 48 milliamperes of sink current. 


An active turn-off feature has been incorporated 
into the bus-terminating resistors so that the 
device exhibits a high impedance to the bus 
when Vcc = O. When combined with the 
SN75ALS161 or SN75ALS162 management 
bus transceiver, the pair provides the complete 
16-wire interface for the IEEE 488 bus. 


The SN75ALS160 is manufactured in a 20-pin 
package and is characterized for operation from 
O°C to 70°C. 


ADVANCE INFORMATION 
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SN75ALS160 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


logic symbolt logic diagram (positive logic) 
(11) 


PE M1 [3S] 
M2 [0C] 
EN3 [XMT] 


EN4 [RCV] 


Bi 


D2 B2 

D3 B3 

D4 B4 

D5 B5 

D6 B6 

D7 B7 

D8 B8 TERMINAL 

GPIB 
Fr. t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 1/0 
| IEC Publication 617-12. eee 
@ V Designates 3-state outputs. 
|] @ Designates passive-pullup outputs. 
=| 
< 
@ 
=| 
” 
— 
a 
@ 
2) 
@. 
< 
@ 
= 
” . 2 
schematics of inputs and outputs 
EQUIVALENT OF ALL CONTROL INPUTS 
Vee 
rm 
2 
“Tl 
Oo 1S ea eee 
VU INPUT/OUTPUT 
= PORT 
> Driver output Req = 302 NOM 
Receiver output Reg = 110 2 NOM 

— Circuit inside dashed lines is on the driver outputs only. 
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ADVANCE SN75ALS160 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SLO er AOE AROMATIC Po iss a aay otk Sek oe Sb ea Se Op eS Be eee 7V 
BOER ea eates ee 2S asa aioe ae ee ee aad tea Soe tena eTK Sieben ahaha Os) Lae toe 5.5.¥ 
LOWVAIGVOL Citi VON MITE TE CHW ONNE 55s sna eo PE Oe enh ENN 0 eye AGE eee 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

EO Wer DORI SG Bots cog tas Sew 6s Ce RT Rad ig ee NG AG IPO RL SOC a ale IN eae EIS 1125 mW 

SRO Os rn Shake oS Se a ae oe Ee Oe I ER a ek ic ee 1375 mW 

PPT GGINONGD Feats eonadre Sco die Sa Oe Ge Whar aa ah we a PLD Pointe a0 ea RAD Oa ie ie Ai. -o ce WCRI 1150 mW 
Operating trecar tamperature £anee 4.9 res Aen Soe ee ee eS O°C to 70°C 
Storsae teperauiwrerange i. sg ee es ew Ses a pis cn Bee eS —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package...... fot. SOME 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package .... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the DW package to 720 mW at 70°C at the rate of 9.0 mW/°C, derate 
the J package to 880 mW at 70°C at the rate of 11.0 mW/°C, and derate the N package to 736 mW at 70°C at the rate 


of 9.2 mW/°C. 


recommended operating conditions 


WA oR ag i ee Mee Oe Aa BS ee ee eee 
Supply voltage, Vcc 4.75 5 5.25 
High-level input voltage, Vin 
Low-level input voltage, ViL a a ge ON 


Bus ports with pullups active penne a mA 


pe ee iis; 


Operating free-air temperature, Ta 
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SN75ALS160 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPT MAX 


ViK Input clamp voltage ly = -18mA 


Hysteresi 

Vhys inet 0.4 0.65 
(VT + = V7 =) 

Vout. Hightevel loH = -800 nA, TE at 0.8 V 2.7 566 
output voltage /Bus | IoH = —5.2 mA, PE and TE at 2 V 2.5.~53.3 

y Low-level lo. = 16 mA, TE at 0.8 V 0.3 0.5 

Ot output voltage TBus sf Ion = 48 mA, so TE at 2 V 0.35. 0.5 

Input-current at : 

I : : Terminal | Vj = 5.5 V 0.2 100 
maximum input voltage 


lH High-level input current} Terminal, | Vj = 2.7 V 
Ne Low-level input current | PE, or TE} Vj = 0.5 V 


See Tima | 8 
Vi/O(bus) Voltage at bus port Driver disabled 
0 


UNIT 


pA 


> 


> 


oO 
= 
; N 
~ oO 


WwW 
= = 


(bus) = — 12 mA 
Vi(bus) = —1.5Vto0.4V |-1.3 
Vi(bus) = 0.4 V to 2.5 V 


+2.5 
Vi(bus) = 2-5 V to 3.7 V 


2) 

| I 
N [wo N] w 
OT} RN NO 


/O(bus) Current into bus port Power on | Driver disabled mA 
a7 25 
Power off| Vcc = 0, Vi(bus) = 0 V to 2.5 V eet, See ae cA. A 
og Shorrcirul | 
output current }Bus 


o 
N 
~ 
o 
> 


Terminal outputs low and enabled ~ 
lec Supply current No load 
Bus outputs low and enabled 


Ci/o(bus) Bus-port capacitance 


no) 


< 
Oo 
e) 
T 
ol 
< 
ct 
° 
° 
= 
> 
ro) 
T 
° 
ct 
°o 
Lb) 
< 
Ww 
; 


f = 1 MHz 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
VOH applies to three-state outputs only. 
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ADVANCE | SN75ALS160 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vcc = 5V 


PARAMETER | FROM | TO __ | TEST CONDITIONS MIN TYP’ MAX | UNIT 


Propagation delay time, 
low-to-high-level output 

Terminal 
Pee calc nctreiy Sipe delay time, 


*PHL Pee calc nctreiy Sipe -to-low-level output 
(cacti eee delay time, 
low-to- (cacti eee -level output 
Terminal 
Propagation delay time, 
high-to-low-level output 
tpZH | tpzH Output enable time to high level __ | tpzH Output enable time to high level __ time to high level 
tpHz Output disable time from high level 
| tpz_ Output enable time to low level | | tpz_ Output enable time to low level | enable time to low level 
| tpLz Output disable time from low level | | tpLz Output disable time from low level | disable time from low level 
| tpzH Output enable time to high level | tpzH Output enable time to high level enable time to high level 
t Output disable time from high level 
ae . : Terminal 
| tpz_ Output enable time to low level | | tpz_ Output enable time to low level | enable time to low level 
| tp_z Output disable time from low level | | tp_z Output disable time from low level | disable time from low level 
ten Output pull-up enable time Cy = 15 pF, 


tdis Output pull-up disable time See Figure 5 


tTypical values are at Ta = 25°C. 


Ci = 30 pF, 
See Figure 1 


Cy = 30 pF, 
See Figure 2 


Ci = 15 pF, 
See Figure 3 


CL = 15 pF, 
See Figure 4 
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SN75ALS160 3 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


5V 


200 2 


Cc. = 30 pF 
(See Note B) 


480 2 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1. TERMINAL-TO-BUS PROPAGATION DELAY TIMES 


4.3V 


240 2 


GENERATOR 
(See Note A) 


C, = 30 pF D OUTPUT 


Ae Note B) 
Se 


TEST CIRCUIT VOLTAGE WAVEFORMS 


3kQ 


FIGURE 2. BUS-TO-TERMINAL PROPAGATION DELAY TIMES 


5V 


oN arte: eae ngi ne tec ery ; 200 2 
OUTPUT 


B OUTPUT| 
Sito3V | 


C, = 15 pF 480 2 


(See Note B) s20Pen | 


B OUTPUT 


$1 to GND 
TR, ae ee) ae = $2 CLOSED lag 
(See Note A) ae Vo. 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. TE-TO-BUS ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tp <6 ns, 
te <6 ns, Zoyt = 50 Q. 
B. Cy includes probe and jig capacitance. 
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ADVANCE SN75ALS160 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


ae 3V 
GENERATOR S2 TE INPUT : p 
(See Note A) | 
-|----—-—— Ov 
t 
OUTPUT P2H >) ‘97 tpHz | 


2402 j$DOUTPUT 
Sito3V 


| 
S2OPEN | ; 
: Ov 
3V (See Note B) | 4vV 
D OUTPUT | 
i $1 to GND ; | 
= $2 CLOSED 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 


-—<— “ 
GENERATOR | Ree SERS ae gd eee Se ak oN er Se Ot ee Te Seeees Sree eS 3V 
(See Note A) | 
PE INPUT 
| 15V 15V 
| OUTPUT | | Ov 
ten —>| - vis] 
Bae ace pace YJ 
| = 480 2 | 90% OH 
| B OUTPUT 
2Vv 
Vot = 0.8V 
| 
3V | 
3 a Ca a 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
te <6 ns, Zoyt = 50 0. 
B. Ci includes probe and jig capacitance. 
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SN75ALS160 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


ce; 
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ro) 
y \ 
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x loH—High-Level Output Current—mA loL—Low-Level Output Current—mA 
x FIGURE 6 FIGURE 7 
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x BUS INPUT VOLTAGE 
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= oe ee 
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7 Me rw ae 
‘@) 0 ey Se Re ES PES EE ee eS 
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= V;—Input Voltage—V 
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ADVANCE SN75ALS160 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
BUS HIGH-LEVEL OUTPUT CURRENT BUS LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 
0 10 20 30 40 50 60 70 80 90 100 
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IOH—High-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 9 FIGURE 10 
BUS OUTPUT VOLTAGE BUS CURRENT 
vs vs 
TERMINAL INPUT VOLTAGE BUS VOLTAGE 
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ADVANCE 
INFORMATION 


8-Channel Bidirectional Transceiver 


Designed to Implement Control Bus 
Interface 


Designed for Single Controller 


High-Speed Advanced Low-Power Schottky 
Circuitry 


@ Low Power Dissipation . . . 46 mW Max per 


Channel 
Fast Propagation Times . . . 20 ns Max 
High-Impedance P-N-P Inputs 


Receiver Hysteresis .. . 650 mV Typ 


Bus-Terminating Resistors Provided on 
Driver Outputs 


@ No Loading of Bus When Device is Powered 
Down (Vcc = 0) 


@ Power-Up/Power-Down Protection 
(Glitch-Free) 


description 


The SN75ALS161 eight-channel general- 
purpose interface bus transceiver is a monolithic, 
high-speed, Advanced Low-Power Schottky 
process device designed to provide the bus- 
management and data-transfer signals between 
operating units of a _ single controller 
instrumentation system. When combined with 
the SN75ALS160 octal bus transceiver, the 
SN75ALS161 provides the complete 16-wire 
interface for the IEEE 488 bus. 


The SN75ALS161 features eight driver-receiver 
pairs connected in a front-to-back configuration 
to form input/output (I/O) ports at both the bus 
and terminal sides. The direction of data through 
these driver-receiver pairs is determined by the 
DC and TE enable signals. 


MEETS iEEE STANDARD 488-1978 (GPIB) 


~ SN75ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


D2618, JUNE 1986 


DW, J, OR N PACKAGE 
(TOP VIEW) 


GPIB 
V0 TERMINAL 
PORTS 0 PORTS 


CHANNEL IDENTIFICATION TABLE 


IDENTITY CLASS 


Direction Control 
tee fo 
Attention 
Service Request 


Bus 
Management 


Remote Enable 
Interface Clear 
End or Identify 
Data Valid 
Not Data Accepted 
Not Ready for Data 


Data 


Transfer 


The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when Vcc = O. The drivers are designed to handle loads up to 48 milliamperes 
of sink current. Each receiver features p-n-p transistor inputs for high input impedance and a guaranteed 
hysteresis of 400 millivolts minimum for increased noise immunity. All receivers have 3-state outputs to 
present a high impedance to the terminal when disabled. 


The SN75ALS$161 is manufactured in a 20-pin package and is characterized for operation from 0°C to 70°C. 


ADVANCE INFORMATION documents contain 
information on new products in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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SN75ALS161 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


logic symbolt logic diagram (positive logic) 


ol ATTN 


(14) 
EO! 


7 E01 


pope = sr 
| 


REN (19) 


waa se = REN 


12 ‘ 
sro 12! 


IFC (18) 


| er 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and ae 
IEC Publication 617-12. (15) (6) 


V Designates 3-state outputs. DAV ee DAV 
@ Designates passive-pullup outputs. —+-F | 
(17) 4 
NDAC i (4) Dac 


(16) 


F er. 
bt ees 


wal NRFD 


RECEIVE/TRANSMIT FUNCTION TABLE 


CONTROLS | _ BUS-MANAGEMENT CHANNELS _| MANAGEMENT CHANNELS DATA-TRANSFER CHANNELS 


NDAC NRFD 
eke by TE) 


H = high level, L = low level, R = receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the 
terminal side. Data transfer is noninverting in both directions. 

TATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EO! whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 
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ADVANCE | SN75ALS161 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


schematics of inputs and outputs 


EQUIVALENT OF ALL 
CONTROL INPUTS 


TYPICAL OF SRQ, NDAC, and NRFD 
GPIB 1/0 PORT 


INPUT/OUTPUT 
PORT 


Circuit inside dashed lines is on the driver outputs only. 


TYPICAL OF ALL I/O PORTS 
EXCEPT SRQ, NDAC, and NRFD GPIB I/O PORTS 


~Y 
be 
Gi 
a 
® 
oO 
@ 
oc 
~~ 
“” 
two 
@ 
> 
= 
a) 
® 
& 
ad 


INPUT/OUTPUT 
PORT 

Driver output Reg = 30 2 NOM 

Receiver output Reg = 110 2 NOM 

Circuit inside dashed lines is on the driver outputs only. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Se NTR WE TSS NOTE igs is oN as Sars bE wc a Bim die GWA als a Ble’ ate Dae es wd 
A IN hn 16) ta Vag oat was a a he ws ne dre STs oe x Ree Fe ee 4 ae OP Cem 5.5.0 
EO were! GUILT Cilperew a Onc 2s s+ us oat le es bin k ce als wow bee 0 eS es 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

EN PCI UI ca GE dadrvccn itis “eA ls a = te te Shae fy ik oa p OMe Wath eG ale erate 1125 mW 

EU cP A Ann a es og a ae EEL Ro cee hie, cok ig We hes Poa dae Mae maa dae he wee ah 1375 mW 

EIN ru cOr ahs vig, aoe aas Stew Mee ed hee a PRS ce Dalia’ son a ans aes ie ees 1150 mW 
Onermuneg 7ee-air Tomine CONS. se a. a ee eee a ee O°C to: /02C 
UCC nee AEIERICUG PORNO. 5 oe ol es kao xsd oro ote aks a age son ne be ee a eae - 65°C to 150°G 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package .......... 300 °C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package .... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the DW package to 720 mW at 70°C at the rate of 9.0 mW/°C, derate 
the J package to 880 mW at 70°C at the rate of 11.0 mW/°C, and derate the N package to 736 mW at 70°C at the rate 
of 9.2 mW/°C. 
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SN75ALS161 ADVANCE 
-_ OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


recommended operating conditions 


Supply voltage, Vcc 4.75 5 2 
High-level input voltage, Vip 2 
Low-level input voltage, Vi, 


: Bus ports with pullups active : m 
High-level output current, IQH : 
Terminal ports -800; yA 


Bus ports 
ee ere 
erminal ports 


Operating free-air temperature, Ta 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS | 
V Input clamp voltage i = -—18mA -0.8 -1.5 
Vhys Hysteresis (V7, — VT_) Sa 


UNIT 


” 
o 


2 


° 
O 


> 


l 
sjolp. bd 
Olala > 


0) 


oO 
(2) 
122) 
oO 


nN 
o 
w 
oO 
oe 
N 


IK uae Se 18: 

fond wait High-level Terminal lIoOH = —800 pA ae Seg Fs) 
Ss os output voltage } Boia tra IOH = —5.2 mA 2io aed 

2g. 8 = Low-level lol = 16 mA 0.3 0.5 
Oo OL output voltage lol = 48 mA 0.35 0.5 
=: Input current at : 
< I Terminal | Vj = 5.5 V 0.2 100] pA 
@ maximum input voltage 
n fg High-level Terminal =27V 0.1 20 * 
v IH input current and + * 
= Low-level control 268 y War sadg A 
4°) IL input current inputs a e 
< 
@ Vi/O(bus) Voltage at bus port Driver disabled 
w W(bus) = —12 mA 


Vi(bus) = —1-5Vto0.4V |-—1.3 
Vi(bus) = 0.4 V to 2.5 V 0 -3.2 


+2.5 
V = 2. ON) tO-Ge 7a 
Power on Driver disabled (bus) 2 ; 


Ae tees! 
: 
Vi(bus) = 5 V to 5.5 V oy 2.5 


11/O(bus) Current into bus port 


Power off Vi(bus) = 0 V to 2.5 V 
‘ies Short-circuit -15 -35 -75 
output current | Biase ee ony -25 -50 -125 


Vec = 5Vto OV, 
Ci/o(bus) Bus-port capacitance Vio = Oto 2V, f = 1 MHz 30 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+VoH applies for three-state outputs only. 
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ADVANCE | SN75ALS161 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


switching characteristics over recommended range of operating free-air temperature (unless otherwise 


noted), Vcc = 5V 
TEST 
PARAMETER TO MIN TYPt MAX UNIT 
CONDITIONS 
Propagation delay time, 
tpl te : 10. 20 
low-to-high-level output d Ci = 30 pF, 
. ; Terminal 
: Propagation delay time, See Figure 1 
PH high-to-low-level output 
PL : 
PH 


Cy = 30 pF, 
See Figure 2 


Cy = 15 pF, 
See Figure 3 


H a 
L - - - 
; Propagation delay time 
H low-to-high-level output ; 
: : Terminal 
: Propagation delay time, 
t high-to-low-level output 
tpzH Output enable time to high level BUS 
tpHz Output disable time from high level TE or DC (ATTN, EOI, 
or 
tpz_ Output enable time to low level REN, IFC, 
tp_z Output disable time from low level and DAV) 


tpzH Output enable time to high level 
t Output disable time f high level 
cae wat tt as sn oa So TE or DC Terminal 


CL = 15 pF, 
See Figure 4 


tpz_ Output enable time to low level 
tp_z Output disable time from low level 


TAII typical values are at Ta = 25°C. 


PARAMETER MEASUREMENT INFORMATION 


5V 


Line Drivers/Receivers 


FROM (TERMINAL) 
TEST POINT OUTPUT UNDER 


FROM (BUS) 
OUTPUT UNDER 


TEST TEST 

cE (See Note A) a 
LOAD CIRCUIT — 
TERMINAL Ree ae oe SRR ic aca EHS EBC. BON CRE ee 3V a 
INPUT 15V INPUT ia = 
| (See Note B) l ov | (See Note B) ov oc 
BUS TERMINAL i 
OUTPUT OUTPUT = 
LL 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS © 
FIGURE 1. TERMINAL-TO-BUS FIGURE 2. BUS-TO-TERMINAL =a 
PROPAGATION DELAY TIMES PROPAGATION DELAY TIMES a 
NOTES: A. Cy includes probe and jig capacitance. as 

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
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SN75ALS161 | ! ADVANCE 
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PARAMETER MEASUREMENT INFORMATION 


$1 


$1 


O—5Vv O—4.3V 
FROM (BUS) FROM (TERMINAL) 
OUTPUT UNDER TEST POINT OUTPUT TEST POINT 
TEST UNDER TEST 
CL=15PF Syg90 
| (See Note A) = fe 
LOAD CIRCUIT LOAD CIRCUIT 
Fiche Ae gheendeamtipat eel ih pe, ae ae ea mania TON gk cis; cei teh gaia WISSrae so 3V 
CONTROL Se CONTROL / \ 
Yisv Yisv feataicr 1.5V 15V 
INPUT (See Note B) / (See Note B) | 
be J wip coat wall Ns oe ele a aor toes is tos te OV 
tPZHa> = tPHZ—| =< 
F.  Bus TERMINAL | | Baar Vou 
5 output OUTPUT | fisv : 
@®  510PEN S1 OPEN | 
=) tPZL—>| + ree zai 
= Bus TERMINAL | l i 
@ OUTPUT OUTPUT 1.0V | 
®  S1CLOSED $1 CLOSED 0.7V 
ERS ER BORE. HER att MOP. TE BA REA ites, Sk ale NE SS hee oe peeieenniias VOL 
oa VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
© 
ra) FIGURE 3. BUS ENABLE AND FIGURE 4. TERMINAL ENABLE 
< DISABLE TIMES AND DISABLE TIMES 
@ 
7) 


NOTES: A. Cy, includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tp <6 ns, 
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SN75ALS161 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE 


HIGH-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 


vs 


—10 -—15 —20 
IOH—High-Level Output Current—mA 


FIGURE 5 
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TYPICAL CHARACTERISTICS 


TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


VoL—Low-Level Output Voltage—V 


—30 -—35 —40 0 10 20 30 40 50 60 
lo_—Low-Level Output Current—mA 


FIGURE 6 


TERMINAL OUTPUT VOLTAGE 
vs 
BUS INPUT VOLTAGE 
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ete ME cae oe 


V;i—Input Voltage—V 
FIGURE 7 
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SN75ALS161 | ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS-LOW LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 
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@ 1OH—High-Level Output Current—mA loL — Low-Level Output Current—mA 
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D FIGURE 8 FIGURE 9 
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ADVANCE SN75ALS162 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


D2618, JUNE 1986 


MEETS IEEE STANDARD 488-1978 (GPIB) 


8-Channel Bidirectional Transceiver DW PACKAGE 
(TOP VIEW) 


Designed to Implement Control Bus 
Interface 


Designed for Multicontrollers 


® High-Speed Advanced Low-Power Schottky 
Circuitry 


GPIB 
@ Low Power Dissipation .. . 46 mW Max per 1/0 oC Rae 
Channel PORTS 
Fast Propagation Times . . . 20 ns Max 


High-impedance P-N-P Inputs 
Receiver Hysteresis .. . 650 mV Typ 


Bus-Terminating Resistors Provided on 


Driver Outputs N DUAL-IN-LINE PACKAGE 


@ No Loading of Bus When Device is Powered (TOP VIEW) 
Down (Vcc = 0) 


@ Power-Up/Power-Down Protection 
(Glitch-Free) 


description 
The SN75ALS162 eight-channel general- GPIB TERMINAL 
purpose interface bus transceiver is a monolithic, 1/0 VO PORTS 
high-speed, Advanced Low-Power Schottky PORTS 


Line Drivers/Receivers a 


process device designed to provide the bus- 
management and data-transfer signals between 
operating units of a multiple-controller 
instrumentation system. When combined with 
the SN75ALS160 octal bus transceiver, the 
SN75ALS162 provides the complete 16-wire  “N©—No internal connection. 
interface for the IEEE 488 bus. 


The SN75ALS162 features eight driver-receiver 

pairs connected in a front-to-back configuration 

to form input/output (I/O) ports at both the bus and terminal sides. The direction of data through these 
driver-receiver pairs is determined by the DC, TE, and SC enable signals. The SC input allows the REN 
and IFC transceivers to be controlled independently. 


The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when Vcc = O. The drivers are designed to handle loads up to 48 milliamperes 
of sink current. Each receiver features p-n-p transistor inputs for high input impedance and a guaranteed 
hysteresis of 400 millivolts minimum for increased noise immunity. All receivers have 3-state outputs to 
present a high impedance to the terminal when disabled. 


The SN75ALS162 is manufactured in a 22-pin dual-in-line N package and in 24-pin DW package, and is 
characterized for operation from O°C to 70°C. 


ADVANCE INFORMATION 


ADVANCE INFORMATION documents contain Copyright © 1986, Texas Instruments Incorporated 
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SN75ALS162 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


CHANNEL IDENTIFICATION TABLE 


IDENTITY CLASS 


Direction Control 
Control 


Talk Enable 
Bus 


System Control 
Attention 
Service Request 
Remote Enable 
Interface Clear 
End or Identify 
Data Valid 
Not Data Accepted 
Not Ready for Data 


Management 


Data 
Transfer 


logic symboltT logic diagram (positive logic) 


[13] (12) 
DC . 
a [2] (2) [13] E oe 
4 rE aa) pc a2 gee 
@ sc 7% ae 
Oo [2] ° Q 
=. TE > Be 
5 (1) 
ATN (1) 
a ATN sc Z 
— 
Dv ATN (16}!(14) 
@ 
rt EO! EO! 
®. [17] 
= SRO SRO Eo} £15) 
= 
” REN 
oe [15] 
(13) 
1FC 1FC She 
[18] Be 
DAV DAV [22] 
> REN (20) 
we) NDAC NDAC 
< [19] a [21] 
> NRFD NRFD tec £19) 
© TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and fot 
FT! = EC Publication 617-12. DAV 
— V_ Designates 3-state outputs. 
a 2 Designates passive-pullup outputs. ® 
"Tl [20] 
oO NDAC (18) 
<= [19] 
(17) 
> NRFD 
4 
O [ ] Denotes pin numbers for DW package. 
a ( ) Denotes pin numbers for N package. 
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INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


RECEIVE/TRANSMIT FUNCTION TABLE 


a BUS-MANAGEMENT oT DATA-TRANSFER CHANNELS 


(Controlled Si erin 2 oe geRe sk by TE) 
ee 
Se E 


fe R R 
* earacie 
ee ae 


aR 


ze 


tit 


aes ae RSS ae ee 


5 
etetetetete ere deretste ese eres ele est es a ee n'a 61h 8-6.8)6-0.0/9.0.8 0.0.8.9 5.9 6.0 6 8.6 8 0 8 6%, 


H = high level, L = low level, R = receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the 
terminal side. Data transfer is noninverting in both directions. 

TATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EO! whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 


schematics of inputs and outputs 


EQUIVALENT OF ALL 
CONTROL INPUTS 


TYPICAL OF SRQ, NDAC, and NRFD 
GPIB I/O PORT 


ae 
thee 
o 
a 
7) 
O 
® 
Cc. 
— 
w 
be 
© 
> 
‘< 
a) 
© 
A 
at 


INPUT/OUTPUT 
PORT 


Circuit inside dashed lines is on the driver outputs only. 


TYPICAL OF ALL I/O PORTS 
EXCEPT SRQ, NDAC, and NRFD GPIB I/O PORTS 


INPUT/OUTPUT 
PORT 
Driver output Reg = 30 2 NOM 


Receiver output Reg = 110 2 NOM 
Circuit inside dashed lines is on the driver outputs only. 
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SN75ALS162 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TE pains SRE Te gels one 9s | sae ee See or 2 5g a SA gl aa aE BSE OBE Ne) tae cape te: Pe ee A ed MV 
TODS Ws) TE gb Soa aa 2 apa tha Rani a Rn Sgt as SN n 5 ae aR Rona neo ern eee an. fiatis SE ee ae 55 V 
POOR Bas cia Efe oy a) 8 AR AR eee Sala Ra SPL int kaka er Cmte ER in SINT Serata te Beh SS 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

PIV OR RCI oe Bhs) ores Brean eRe ae. SS Sod gate Sy ames haa ss oe alauanas eed 1350 mW 

PaaS a eerie gy dr alin oie eae eed tee a ok ee ts ee Ee eS 1700 mW 
Operating free-air temperature range ............. See bE > tee TEE eS 0°C to 70°C 
AC TORE Gisele dcht ot ot 10 ( CaM COR giap ie PRU Ce a a eee es See ace —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package...... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the DW package to 864 mW at 70°C at the rate of 10.8 mW/°C, and 
derate the N package to 1088 mW at 70°C at the rate of 13.6 mW/°C. 


recommended operating conditions 


Supply voltage, Vcc 


| MIN NOM MAX | UNIT _| 


a 4.75 5 5.25 

S| Highlevel input voltage, Vii 

® [Low-level input voltage, Vi ere gery) 
Bus ports with 3-state outputs mA 

UY Hien ae | mA | 

= 

@ Bus ports Le SRe es 

= Low-level output current, Io. : mA 

Cy Giles tooo eee 

VD Operating free-air temperature, Ta oC 
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ADVANCE — SN75ALS162 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX 

ViK Input clamp voltage } = -—18mA 
Vhys Hysteresis (V7 4 — VT_) CoS 

oof "3-0 


output voltage }Bus | Io = —5.2 mA 25° 3793 
output voltage Bus: op" lo. = 48 mA 


U 


0.4 0.65 


pA 


Input current at 
maximum input voltage 
High-level Terminal 
x : sai : res 
input current and 
Low-level control 
input current inputs 
Vi/O(bus) Voltage at bus port Driver disabled 
(bus) = —12 mA 


Vi(bus) = —1-5 V to 0.4 V 
Vi(bus) = 0.4 V to 2.5 V 


0.35 0.5 
| 
| 


NO 
oO 
=~ 
> 


< Pe eae 
= 


Nh 
ol 
w 
oO 
w 
~N 


Vi(bus) = 2.5 V-to 3:7 V ie 


11/O(bus) Current into bus port Power on | Driver disabled 
Vi(bus) = 3.7 Vto5 V 


Viibus) = 5 V to 5.5 V 


Vec = 0, Vi(bus) = 0 V to 2.5 V 
' Short-circuit 
sa output current 


lcc Supply current No load, TE, DC, and SC low 


Vec = 5Vto OV, 
Ci/o(bus) Bus-port capacitance 


Viio = Oto2V, f = 1 MHz 
TAI typical values are at Vcc = 5 V, Ta = 25°C. 
*VoOH applies for three-state outputs only. 
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SN75ALS162 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vcc = 5V | 


TEST 
a 
low-to-high-level output Sucinirint CL = 30 pF, 
high-to-low-level output 
low-to-high-level output Terminal 
high-to-low-level output 
: : Ss 


CL = 30 pF, 
See Figure 2 


BUS 


(ATTN, EOI, Cy = 15 pF, 


REN, IFC, See Figure 3 


tpz_ Output enable time to low level 
tp_z Output disable time from low level and DAV) 


or 
Cc 
tpzH Output enable time to high level TE. DC 
t Output disable time from high level sh 
ate in habeas : oe or Terminal 
Sc 


tpzH Output enable time to high level TE DC 
tpHz Output disable time from high level 


5 a CL = 15 pF, 
2 tpz_ Output enable time to low level See Figure 4 
rs) tp_z Output disable time from low level 
= 
< T All typical values are at Ta = 25°C. 
@ 
oO 
5 PARAMETER MEASUREMENT INFORMATION 
_ @ 
hohe 
©. 5V 
< 
@ 
Lem } 
” 
FROM (BUS) FROM (TERMINAL) 
OUTPUT UNDER TEST POINT OUTPUT UNDER 
TEST TEST 
> 480 2 
> TERMINAL pad BUS 
rm 
as 
az BUS TERMINAL 
"Tl OUTPUT OUTPUT 
BS) VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
= FIGURE 1. TERMINAL-TO-BUS FIGURE 2. BUS-TO-TERMINAL 
a PROPAGATION DELAY TIMES PROPAGATION DELAY TIMES 
oe NOTES: A. Cy includes probe and jig capacitance. 
oO B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
Za te s6 ns, Zoyt = 502. 


Ae 
4-448 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ADVANCE SN75ALS162 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


$1 $1 
Oo— 5 V Oo— 4.3 V 
FROM (BUS) FROM (TERMINAL) 
OUTPUT UNDER TEST POINT OUTPUT TEST POINT 
TEST UNDER TEST 
Cy, = 15 pF 4802 C= 15 pF 3kQ2 
| {See Note A) | (See Note A) 
LOAD CIRCUIT LOAD CIRCUIT 
Pa etre See, SO sre Fe ct RE Te SEI So OP BY Peas vg ma 
CORO Sy Wis no M15 V Wasv 
INPUT i (See Note B) UT / (See Note B) | 
ow anal NL, ce ee erie at oe os sit tS cod Sikes wae PY sik all Nie I ats ae il Wiss an ad gee OV 


tPZH ke tpeHZ—| fe tPZH-» tPHZ— 
BUS a F cea pee es. i ae ae VOH TERMRRAL (8) (eee ee VOH 
OUTPUT | OUTPUT 
S1 OPEN S1 OPEN 


tpPzL—++—>| tpLz len tPZ2L —»| pe PLZ 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


FIGURE 3. BUS ENABLE AND FIGURE 4. TERMINAL ENABLE 
DISABLE TIMES AND DISABLE TIMES 
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NOTES: A. Cy, includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
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SN75ALS162 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
Vo_L—Low-Level Output Voltage—V 


0 -5 -10 -—15 —20 —25 -30 -—35 —40 0 10 20 30 40 50 60 
'OH—High-Level Output Current—mA loL—Low-Level Output Current—mA 
FIGURE 5 FIGURE 6 


TERMINAL OUTPUT VOLTAGE 
vs 
BUS INPUT VOLTAGE 
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ADVANCE SN75ALS162 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS-LOW LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


Line Drivers/Receivers be 


0 
0 -—10 -20 -40 -30 -50 -60 0 10 20 30 40 50 60 70 80 90 100 
IOH—High-Level Output Current—mA loL — Low-Level Output Current—mA 
FIGURE 8 FIGURE 9 
BUS OUTPUT VOLTAGE BUS CURRENT 
vs vs 
TERMINAL INPUT VOLTAGE BUS VOLTAGE 
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ADVANCE SN75ALS163 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


D2611, JUNE 1986 


DW, J, OR N PACKAGE 
(TOP VIEW) 


8-Channel Bidirectional Transceivers 


High-Speed Advanced Low-Power Schottky 


Circuitry 
@ Low Power Dissipation .. . 46 mW Max per 
Channel 
@ Fast Propagation Times... 20 ns Max GPIB TERMINAL 
@® High-lmpedance P-N-P Inputs mee TS 
@ Receiver Hysteresis ... 650 mV Typ 
@ Open-Collector Driver Output Option 
@ No Loading of Bus When Device is Powered 
Down (Vcc = 0) FUNCTION TABLES 
@ Power-Up/Power-Down Protection (Glitch- EACH DRIVER EACH RECEIVER 
Free) 
description 


The SN75ALS163 octal general-purpose 
interface bus transceiver is a monolithic, high- 
speed, Advanced Low-Power Schottky device. 
It is designed for two-way data communications H = high level, L = low level, X = irrelevant, Z = High-impedance 
over single-ended transmission lines. The state. 

transceiver features driver outputs that can be 

operated in either the open-collector or three- 

state mode. If Talk Enable (TE) is high, these 

outputs have the characteristics of open- 

collector outputs when Pullup Enable (PE) is low 

and of three-state outputs when PE is high. 

Taking TE low places the outputs in the 

high-impedance state. The driver outputs are 

designed to handle loads of up to 

48 milliamperes of sink current. Each receiver 

features p-n-p transistor inputs for high input 

impedance and 400 millivolts minimum of 

guaranteed hysteresis for increased noise 

immunity. 
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Output glitches during power-up and power- 
down are eliminated by an internal circuit that 
disables both the bus and receiver outputs. The 
outputs do not load the bus when Vcc = O. 


The SN75ALS163 is characterized for operation 
from O°C to 70°C 
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SN75ALS163 ADVANCE 


OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER ~ INFORMATION 
logic symbolt logic diagram (positive logic) 
pe 11) M1 [3S] pe 1) 


M2 [0C] 
EN3 [XMT] 
EN4 [RCV] 


D1 is B1 
& 3 (1 W/2Q) B1 
veto D2 
D2 Fetes Soe B2 2 
03 Lares TR B3 
a 84 D3 
05 ee Bs sz 
06 eSB Tet B6 
p7 eet 87 D4 
D8 st BS TERMINAL xe 
r. T This symbol is in accordance with ANSI/IEEE Std 91-1984 and D5 BUS 
= IEC Publication 617-12. 
© V Designates 3-state outputs. B5 
O 3  QDesignates open-collector outputs. 
oe D6 
. 
= B6 
id 
D 
v 7 


B7 


D8 


© 
° 
e 
< 
© 
Lome | 
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B8 


schematics of inputs and outputs 


EQUIVALENT OF ALL CONTROL INPUTS 


Vcc 
9k2 NOM 


INPUT/OUTPUT 
PORT 


Driver output Reg = 30 $2 NOM 
Receiver output Req = 11082 NOM 
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ADVANCE SN75ALS163. 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SHPETY: MICOG. Wa tO (SRE PM Op 8 as ie oe Sopa is aes Ok eo Fenech sk ae Se Pee eee 7 
WORE NN sire tg Phin Fo ce rc ween Sa APE ae OAs wi wena He eh a “gp aw Wig Rp p Eg Ve Sema 5.5 V 
LOWie Var G@nrerOUurmue CUrrerit. uv nie we 0 we alerts en ibe woe Ota aca, os SL ee 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

PUM MEO cele: aia oh +55 a STI Te OLE Gs cape EES a ATR I, SEP PORET A a ar a eh a ee ee 1125 mW 

et a ak a ah nck oo by aS HE TEA ES Se age eee hint i too 2s, SIE a GS: Sie) Sec 1375 mW 

EOC RIG ange son as SA RE CP AEDS ee oe NE eS ce ee ae 1150 mW 
Operating. aera Temperature anges sac. 4 ui ee ee recat oreo 0s ca ene 0°C to 70°C 
ACS LETT MIGLOCOES FRTIOO i 2s Go eeciarg ae ax so ee ce caw wana Ne ov aod? 6m cade ae -—65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: J package.......... 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package.......... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the DW package to 720 mW at 70°C at the rate of 9.0 mW/°C, derate 
the J package to 880 mW at 70°C at the rate of 11.0 mW/°C, and derate the N package to 736 mW at 70°C at the rate 
of 9.2 mW/°C. 


recommended operating conditions — 


| MIN NOM MAX | UNIT_| 


Da a ee ge 
Nontenrimcilage Yn ee 
See eae [Bus ports with pullups active | 10 |_mA 
. 
epee. 
Low-level output current, Io. Tocninal packs See 


Operating free-air temperature range, Ta 
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SN75ALS163 | sia ite ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


Vhys 
output voltage reas? = —10mA, PE and TE at2 V 
output voltage = 48 mA, PE and TE at 2 V 
(open-collector mode) 


Hysteresis (V7, — V7_)* Bue’ 254 


Diand*TE-at’'2 V 


Off-state output current PE at 2 V, 
loz pA 
(3-state mode) TE at 0.8 V 
A 


Input current at 
maximum input voltage ; 
High-level Terminal 
iH Vi =2.7V 0.1 20 pA 
input current PE or TE 
Low-level Terminal 
i Vv; = 0.5 V -10 -100 pA 
input current PE or TE 


Short-circuit Terminal —15 —35 —75 
mA 


NL 
i 
Os output current PBs 4} —25 -50 -125 
Terminal outputs low and enabled A 
m 


2 56 
| & | t No load 
cc rit Mt! ha Bus outputs low and enabled 52 70 


V =5Vor0V,V = Oto 2 V, 
= z 


T All typical values are at Vec = 5 V. Ta = 25°C. 
+ Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, Vx. 


switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vcc = 5V 


PARAMETER | FROM | TO | TESTCONDITIONS | MIN TyPt MAX | UNIT 


Propagation delay time, 

tPLH : 10 20 
low-to-high-level output Terminal Cy = 30 pF, 
Propagation delay time, See Figure 1 

*PHL high-to-low-level output - 4 
low-to-high-level output 
high-to-low-level output 


a= 
[ 
; : : : S 
See Figure 4 


CL = 30 pF, 
See Figure 2 


Terminal 


CL = 15 pF, 
See Figure 3 


TAIl typical values are at Ta = 25°C. 


tpzH Output enable time to high level 
tpHz Output disable time from high level 
CL = 15 pF, 3 10 
See Figure 5 
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ADVANCE SN75ALS163 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


5V 


200 22 
OUTPUT 


GENERATOR 
(See Note A) 


50 «2 


(See Note B) 


480 2 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1. TERMINAL-TO-BUS PROPAGATION DELAY TIMES 


ee a 


4.3V 


OUTPUT 
240 2 


C, = 30 pF 


a Note B) 


TEST CIRCUIT VOLTAGE WAVEFORMS 
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FIGURE 2. BUS-TO-TERMINAL PROPAGATION DELAY TIMES 


3V --o OC — 


OUTPUT 


B OUTPUT] 
S1to3V | 
C, = 15 pF 480 2 


(See Note B) 


S20PEN | Po 


B OUTPUT 


is ess ctkied cece rice Saws Abbe. stow iaees st 


$1 to GND 
meer: ‘ . See ee =. 
(See Note A) OL 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. TE-TO-BUS ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr < 6 ns, 
tf = 6 ns, Zout = 50 2. 
B. Cy includes probe and jig capacitance. 
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SN75ALS163 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


s Vv 3V 
GENERATOR $2 TE INPUT & © { 
(See Note A) | | ov 
‘ezH— = tpHz (t- 
2402 DOUTPUT hema net... 


S2 OPEN | 


| 
| 
| OV 
CL=15PF S3ko tzu ‘uz 
3V (See Note B) | 4V 
D OUTPUT | 
$1 to GND 
+ 2s a8 $2 CLOSED 
= Ft A a a ene ae Vou 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 
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TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr < 6 ns, 
te Ss 6 ns, Zoyy = 50 2. 
B. C, includes probe and jig capacitance. 
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ADVANCE | SN75ALS163 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VoH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 0 
0 -5 -10 -15 -20 -—25 -30 -35 —40 0 10 20 30 40 50 ~=—s« 60 
IOH—High-Level Output Current—mA lo. —Low-Level Output Current—mA 
FIGURE 6 FIGURE 7 


TERMINAL OUTPUT VOLTAGE 
vs 
BUS INPUT VOLTAGE 
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SN75ALS163 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


VoOH—High-Level Output Voltage—V 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
BUS HIGH-LEVEL OUTPUT CURRENT BUS LOW-LEVEL OUTPUT CURRENT 


TE 
af 20E 
Bie sale 
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2S Gnesuen 


Vo_L—Low-Level Output Voltage—V 
—) 
w 


0 
-10 -20 -30 -40 -50 -60 0 10 20 30 40 50 60 70 80 90 100 
lOH—High-Level Output Current—mA lo, —Low-Level Output Current—mA 
FIGURE 9 FIGURE 10 
BUS OUTPUT VOLTAGE 


vs 
TERMINAL INPUT VOLTAGE 
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SN75ALS164 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


D2908, JUNE 1986 


ADVANCE 
INFORMATION 


DW PACKAGE 
(TOP VIEW) 


8-Channel Bidirectional Transceiver 


@ Designed to Implement Control Bus 
Interface 


@ Designed for Multicontrollers 


@ High-Speed Advanced Low-Power Schottky 
Circuitry TERMINAL 


@ Low Power Dissipation . . . 46 mW Max per 1/0 PORTS 


Channel 


Fast Propagation Times . . . 20 ns Max 


High-Impedance P-N-P Inputs 


Receiver Hysteresis . . . 650 mV Typ 


N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Bus-Terminating Resistors Provided on 
Driver Outputs 


@ No Loading of Bus When Device is Powered 
Down (Vcc = 0) 


@ Power-Up/Power-Down Protection GPIB 


(Glitch-Free) V0 
PORTS 


TERMINAL 
1/0 PORTS 


description 


The SN75ALS164 eight-channel general- 
purpose interface bus transceiver is a monolithic, 
high-speed, Advanced Low-Power Schottky 
device designed to meet the requirements of 
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NC —No internal connection. 


IEEE Standard 488-1978. Each transceiver is 
designed to provide the bus-management and 
data-transfer signals between operating units of 
a multiple-controller instrumentation system. 
When combined with the SN75ALS160 octal 
bus transceiver, the SN75ALS164 provides the 
complete 16-wire interface for the IEEE 488 bus. 


The SN75ALS164 features eight driver-receiver 
pairs connected in a front-to-back configuration 
to form input/output (I/O) ports at both the bus 
and terminal sides. All outputs are disabled (at 
a high-impedance state) during VCC power-up 
and power-down transitions for glitch-free 
operation. The direction of data flow through 
these driver-receiver pairs is determined by the 
DC, TE, and SC enable signals. The 
SN75ALS164 is identical to the SN75ALS162 
with the addition of an OR gate to help simplify 
board layouts in several popular applications. 
The ATN and EOI signals are ORed to pin 21, 
which is a standard totem-pole output. 


CHANNEL IDENTIFICATION TABLE 


| NAME | IDENTITY CLASS 


DC Direction Control 
Control 


ie Talk Enable 

SC System Control 
Bus 
Management 


Attention 
Service Request 
Remote Enable 

Interface Clear 
End or Identify 


ATN+EOI| ATN logical OR EO! 


DAV Data Valid Data 
NDAC Not Data Accepted Thahater 
NRFD Not Ready for Data 


ADVANCE INFORMATION 


ADVANCE INFORMATION documents contain Copyright © 1986, Texas Instruments Incorporated 


information on new products in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


ADVANCE 
INFORMATION 


The driver outputs (GPIB I/O ports) feature active bus-terminating resistor circuits designed to provide a 
high impedance to the bus when supply voltage Vcc is O. The drivers are designed to handle loads up 
to 48 milliamperes of sink current. Each receiver features p-n-p transistor inputs for high input impedance 
and a guaranteed hysteresis of 400 millivolts minimum for increased noise immunity. All receivers have 
3-state outputs to present a high impedance to the terminal when disabled. 


The SN75ALS164 is manufactured in a 22-pin dual-in-line N package and in 24-pin DW package, and is 


characterized for operation from O°C to 70°C. 


logic symbolt 


[13](12) 
[2] (2) 
{1} (1) 


DC 


sc 


ATN+EOI 
EO! 
EOI 
SRQ SRQ 
REN REN 
IFC IFC 
DAV DAV 
NDAC NDAC 
9} Le 
NRFD NRFD 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
V Designates 3-state outputs. 
Designates passive-pullup outputs. 


[ ] Denotes pin numbers for DW package. 
( ) Denotes pin numbers for N package. 


logic diagram (positive logic) 


arty £161(14) 
[23] 
(21) ATN+EOI 
[17] [8] 
EO! (15) (8) EOI 
[15] [10] 
sro 3) (10) SRO 
[22] [3] 
REN (20) (3) REN 
[21] [4] 
ec 119) (4) ec 
[18] [7] 
DAV (16) (7) DAV 
[20] [5] 
npac 118) (5) pac 
[19] (6] 
nrep 2) (6) WRED 
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RECEIVE/TRANSMIT FUNCTION TABLE 


CONTROLS BUS-MANAGEMENT CHANNELS DATA-TRANSFER CHANNELS 


TE ATNt | ATNt SR REN IFC DAV NDAC’_ NRFD 
(Controlled by DC) | (Controlled by SC) (Controlled by TE) 
7 OS ‘av eree' Se es 
ee 
fork tt 
: 
R 


R 
a eT Pal 


H = high level, L = low level, R = receive, T = transmit, X = irrelevant 
Direction of data transmission is from the terminal side to the bus side, and the direction of data receiving is from the bus side to the 
terminal side. Data transfer is noninverting in both directions. 

TATN is a normal transceiver channel that functions additionally as an internal direction control or talk enable for EO! whenever the DC 
and TE inputs are in the same state. When DC and TE are in opposite states, the ATN channel functions as an independent transceiver only. 


ATN+EOI FUNCTION TABLE 
INPUTS OUTPUT 
ATN EO! | ATN+EOI 


H X H 
Xx H H 
L ¢ 4 


~” 
a 
® 
2 
® 
Oo 
® 
cc 
— 
” 
des 
® 
2 
‘ie 
Q 
® 
£ 
ooull 
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schematics of inputs and outputs 


EQUIVALENT OF ALL TYPICAL OF SRQ, NDAC, and NRFD 
CONTROL INPUTS GPIB 1/O PORT 
ae. eae | 
Vcc 


INPUT/OUTPUT 
PORT 


Circuit inside dashed lines is on GPIB I/O ports only. 


wee TYPICAL OF ALL I/O PORTS ATN+EO! OUTPUT 
1 EXCEPT SRQ, NDAC, and NRFD GPIB !/O PORTS 
@ 
0 
ie 
2 eo ae 
@ ee 
Lom 
3 sail 
x 
OUTPUT 
4) 
© 
©. 
< 
@ 
= 
~” INPUT/OUTPUT 


PORT 
Driver output Reg = 30 2 NOM 

Receiver output Reg = 110 2 NOM 

Circuit inside dashed lines is on GPIB 1/O ports only. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUEDIY VOade.- NOE Neoe NOLG BoP. es es cg ev pale ool gs «ASE Rises hae eee ae 7V 
asia: WaRtE REN IY Foose Berge Arad Go as Meee oes RM ace SR ae Saeed an, ed ee Pacey eS 5.0 ¥ 
rer laa Siti ICME CUIVONIE. oo a s  acx nese Ss we Se caeray wk a ew Re a ns ROM ee eee 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

EC NO Saco ess al ROLE why Sb egrets wee PE Ga Pat Pa ee eee Ry ale oie bee aes 1350 mW 

Pee CRN oa Nini oo ae Gd ce BONS wae Deg OM Sy Ro cae ak aR ae a da ka a es Sn ae 1700 mW 
Opsrating free-Git Tomipoeratura WaNgG. 2°. Se ee ie wa we be ow ge Be SE Ree O°C to 70°C 
Spee glo it Ue Sp: ies a ris Sao ene titres’ \ haces = 6a °C to tsO°C 
Lead temperature 1,6 mm (1/16) inch from the case for 10 seconds: DW or N package .... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate the DW package to 864 mW at 70°C at the rate of 10.8 mW/°C, 
and derate the N package to 1088 mW at 70°C at the rate of 13.6 mW/°C. 
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recommended operating conditions 


aaa A RE RE Se a are Bier ee Ee 
peetowlereuimursligs Mig COO ee a ema 


High-level output current, IoH Terminal ports 
ATN+E0 Seema <9 
Bus ports Werevier aoe See. 3) 


Low-level output current, Io. Terminal ports 
ATN +€0! eee IS 


°C 


Operating free-air temperature, Ta é; 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


Vik Input clamp voltage | = -18 mA eee a 3 
ion = = 800s a 0! 


Re 6 
Vou? High-level output voltage IOH = —5.2 mA 2.5: 3.3 V 
a 


lIoOH = —400 pA 2 


ere —aoe 
Gere Le Ree ORT SY 


Low-level output voltage 


lol = 48 mA 0.35 0.5 
lo. = 4mA foci Seeaat ee eel 


Vp) =2.7V 
Feontrol WA 


ATN, EOI | Vj = 2.7 V 
| 


Terminal, 
Vi = 0.5 V 
control pA 


7 aber pilin Oe | Oe ae 
Vi/O(bus) Voltage at bus port Driver disabled Vv 
Mbus) = —12 mA i ene eee | 


Current into bus port 


VOL 


Input current at 
maximum input voltage 


High-level input current 


1|/O(bus) 


Short-circuit output current 


Icc Supply current No load, TE, DC, and SC low 565 75 | mA | 


V =5VtoOV, 
Ci/o(bus) Bus-port capacitance aoe ay ta See 1 Mb pF 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
FVOH applies for three-state outputs only. 
8 Except ATN and EOI terminal pins. 


PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT 


rm) 
© 
= 
® 
o 
® 
c 
“=, 
W 
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© 
Se 
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a) 
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switching characteristics over recommended range of operating free-air temperature (unless otherwise 


noted), Vcc = 5 V 
PARAMETER TO ESE MIN TYP MAX | UNIT 
CONDITIONS 

P tion delay time, 
eae ropagati y ti 10 20 

low-to-high-level output rere Ci = 30 pF, 
: Propagation delay time, See Figure 1 
PHL high-to-low-level output 
tPLH Pe 
HL 


Propagation delay time 
low-to-high-level output : 
: Terminal 
; Propagation delay time, 
P high-to-low-level output 
Terminal ATN 
or ATN+E0OI 
Terminal EOI 


Ci = 30 pF, 
See Figure 2 


Propagation delay time, Cy = 15 pF, 


See Figure 3 


low-to-high-level output 


: : Terminal ATN 

Propagation delay time, C_ = 15 oF, 
tPHL : or ATN+EOI ; 
> high-to-low-level output Terminal EO! See Figure 3 
@ tpzH Output enable time to high level TE. DC BUS 
o tpHz Output disable time from high level ee (ATTN, EOI, CL>= 16 pF, 
< tpz_ Output enable time to low level éc REN, IFC, See Figure 4 
@ tpLz Output disable time from low level and DAV) 
na tpzH Output enable time to high level TE. DC 
») tpHz Output disable time from high level a wee CL = 15 pF, 
2 tpz_ Output enable time to low level SC See Figure 5 
oO. tpLz Output disable time from low level 
< 
7) 
= 
<2) 
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PARAMETER MEASUREMENT INFORMATION 

5V 
FROM (BUS) FROM (TERMINAL) 


OUTPUT UNDER TEST POINT 


TEST 


C,-= 30 pF 
< | ‘(See Note A) 


LOAD CIRCUIT 


TERMINAL pete 
INPUT 15V 15V 
| (See Note B) l ov 


tPLH-}¢-> 
t 


BUS 2.2V 
OUTPUT 


480 2 


VOLTAGE WAVEFORMS 


FIGURE 1. TERMINAL-TO-BUS 
PROPAGATION DELAY TIMES 


TEST 
POINT Vcc 


2k2 


FROM 
ATN+EO! 
CL 


(See Note A) (See Note C) 


LOAD CIRCUIT 


OUTPUT UNDER TEST POINT 
TEST 
3kQ 
—---- 3V 
BUS 
INPUT 1.5 V 15V 


| (See Note B) | 


tPLH—te- > 


| == ie 
TERMINAL Fr 
OUTPUT 15V 15V 

VOL 


VOLTAGE WAVEFORMS 


FIGURE 2. BUS-TO-TERMINAL 
PROPAGATION DELAY TIMES 


a ak 


| po Soe 
ATN+EOI 1.5V 1.5V 
VOL 


VOLTAGE WAVEFORMS 


FIGURE 3. ATN+EOIl PROPAGATION DELAY TIMES 


NOTES: A. Cy, includes probe and jig capacitance. 


B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 


te <6 ns, Zoyt = 502. 
C. All diodes are 1N916 or 1N3064. 
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PARAMETER MEASUREMENT INFORMATION 


$1 


$1 


O—5V Oo—4.3 V 


240 2 
FROM (BUS) FROM (TERMINAL) 
OUTPUT UNDER TEST POINT OUTPUT TEST POINT 
TEST UNDER TEST 
CL=15PF Sy500 Cy = 15 pF 
| (See Note A) (See Note A) 
LOAD CIRCUIT LOAD CIRCUIT 
we pee ee—-—— fmm m- BV —=— foro prc ccce 3V 
BOF = CONTROL / \ 
CONTROL Yisv Wis 1. 15V 
INPUT . ~~“ (See Note B) INPUT 4 (See Note B) | 
——_- pS i , —wseenw ee aw =e = ae 4 | : = —as ee os 0 V ~—_ eee! SP eww ewe ewe ew ewe ee es | 5 ios —_—— == «= «= 0 V 
tpzH| et tpHZ2— fe tpZzH—> tPHZ—- 


BUS | Vaan <. VOH TERMINAL | l 7 cone Yor 
OUTPUT | OUTPUT 15V 
S1 OPEN S1 OPEN | 7 


tPZL—>|s 


Y/S49ANQ eUry 
2098 
oG& 
a, 
oc 
an 
m 
7] 

S 
< 
i ee 
lian 
l< 
| 
< R 
fe) Md 
- ul 
< 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


FIGURE 5. TERMINAL ENABLE 
AND DISABLE TIMES 


FIGURE 4. BUS ENABLE AND 
DISABLE TIMES 


NOTES: A. Cy, includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, try <6 ns, 
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TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


VoOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 
0 -5 -10 -15 -20 —25 —30 -35 —40 
1OH—High-Level Output Current—mA 


FIGURE 6 


TERMINAL OUTPUT VOLTAGE 


VS 


BUS INPUT VOLTAGE 


TERMINAL LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


lio, —Low-Level Output Current—mA 
FIGURE 7 


Line Drivers/Receivers ES 


i 
& a 
3 S 
= 
em | 
4 <x 
: 
> 
‘@) 
LL. 
= 
% 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 LL 
V;—Input Voltage—V S 
FIGURE 8 = 
> 
QO 
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TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
Vo_—Low-Level Output Voltage—V 


0 10 20 30 40 50 60 70 80 90 100 


lOH—H igh-Level Output Current—mA loL—Low-Level Output Current—mA 
FIGURE 9 FIGURE 10 
BUS OUTPUT VOLTAGE BUS CURRENT 
vs vs 
TERMINAL INPUT VOLTAGE BUS VOLTAGE 
ANS RNA IAN 
NG aaa 


ae 
Tk Pie —— 
< 
> Ro Ke 
S = Bi NS SSE 
= = § UNE TAN 
< 5 2-28 RRR 
> a a N N SS 
= | as ® a = 
2 é 5 S&S 
©) (eo) ese | 
rm > Oo N) STRSRARNN EN 
= _sh . THE UNSHADED 
= = “ AREA CONFORMS TO 
6 PARAGRAPH 3.5.3 OF 
O ‘S IEEE STANDARD 488-1978. 
Pa SAAN AA AANANRAN AYA « 
DS Oe 1.0: 2-9 fe eS a a ee 8 1 Be ee ee 56 
<= V;—Input Voltage—V Vi/O(bus)—Bus Voltage—V 
> FIGURE 11 FIGURE 12 
= 
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D3011, JUNE 1986 


MEETS IEEE STANDARD 488-1978 (GPIB) 


8-Channel Bidirectional Transceiver DW, J, OR N PACKAGE 
(TOP VIEW) 


High-Speed Advanced Low-Power Schottky 
Circuitry 


@ Low Power Dissipation .. . 46 mW Max per 


Channel 
@ Fast Propagation Times. .. 20 ns Max BUS TERMINAL 
@ High-impedance P-N-P Inputs pitta ie One 
@ Receiver Hysteresis ... 650 mV Typ 
@ No Loading of Bus When Device is Powered 

Down (Vcc = 0) 
@ Power-Up/Power-Down Protection (Glitch- Jiameriole CARLES 

Free) 

EACH DRIVER EACH RECEIVER 


@ Driver and Receiver Can Be Disabled 
Simultaneously 


INPUTS 


OTE BE 


INPUTS OUTPUT 
B.. TE Pe D 


OUTPUT 
B 
H 


description H H H bark 
; ee. eae L H L 
The SN75ALS165 eight-channel general- ae gery ag 
purpose interface bus transceiver is a monolithic, 
ae me Ke 
high-speed, Advanced Low-Power Schottky 
device designed for two-way data H = high level, L = low level, X = irrelevant, 
communications over single-ended transmission Z = high-impedance state. 
lines. It is designed to meet the requirements of TThis is the high-impedance state of a normal 3-state 
IEEE Standard 488-1978. The transceiver output modified by the internal resistors to Vcc and 
; ground. 


features driver outputs that can be operated in 
either the passive-pullup or three-state mode. If 
Talk Enable (TE) is high, these ports have the 
characteristics of passive-pullup outputs when 
Pullup Enable (PE) is low and of three-state 
outputs when PE is high. Taking TE low places 
these ports in the high-impedance state. Taking 
TE and PE low places both the drivers and 
receivers in the high-impedance state. The driver 
outputs are designed to handle loads up to 48 
milliamperes of sink current. 


An active turn-off feature has been incorporated 
into the bus-terminating resistors so that the 
device exhibits a high impedance to the bus 
when Vcc = O. When combined with the 
SN75ALS161 or SN75ALS162 management 
bus transceiver, the pair provides the complete 
16-wire interface for the IEEE 488 bus. 


The SN75ALS165 is manufactured in a 20-pin 
package and is characterized for operation from 
O°C 70°C. 


information on new products in the sampling or 
preproduction phase of development. Characteristic 
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logic symbolt logic diagram (positive logic) 


11 
PE HAL, M1 [3S]/G5 Ba) 
M2 [0C] 
TE EN3 [XMT] 


5EN4 [RCV] 


PE > 
5 ; oe wae 
D1 (19) SS 


See: 
as B1 oy (2) 
oe 
(18) 
D2 B2 D2 For Bo | 
D5 BS (17) 
D3 
: cuts Eee 
a 
D7 B7 
AEE (4) B3 
D8 Bs 
= 54 18) S 
ee T This symbol is in accordance with ANSI/IEEE Std 91-1984 and gas ea 
= IEC Publication 617-12. Py oe (5) 
@ <j B4 
V Designates 3-state outputs. 45) 
Oo @ Designates passive-pullup outputs. D5 
3. — ae 
6 
: ae (8) oe 
= pe tt! s 
> i oe, 
oe eae - (7) 86 
< as (13) S 
: a2 ta 
aoe 
ps (12) SS 
or ai 0 
9 
BAS - (9) - 58 
> schematics of inputs and outputs 
Y EQUIVALENT OF ALL CONTROL INPUTS 
rT 
2 
Oo 
— ae a ot eee 
> INPUT/OUTPUT 
a PORT 
— Driver output Reg = 30 2 NOM 
© Receiver output Reg = 110 2 NOM 
a Circuit inside dashed lines is on the driver outputs only. 
7 4 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Suppivwwoneoe Ver (sge Mite EY ig 2 5p ete eek eS ss Bs ee a er eee ee ix 
SINTRA AMIEL POs a cea cst ws Zab e eORA at RR ee ee aw wor cle PRES be be ee eee BE 5. Ov 
LOWIOVE!l GhBl-OUTDUT CUTIE 5 ..20c eile co cal os ec AS ee Oia fe ats aca Oe 100 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

eve tT Gaede Pe ee SOR Pais ree AER Seog Ne AR ad HN is ORLA On Boe gL ee 1125 mW 

he act |S Ee Sea pers hae eer SoA Lp HEAT Sete 1 Ss a iE Tey ae eee wer Cr | 1375 mW 

PRAIA nee es acc asco ae ka He ae taeda eng eT RAG Bee ie Wile be ine Sa Piece a, Ow SRE 1150 mW 
Operating. tiéa-ait temperature range:.-. 5 sees cc eR se Pe 1 SR EP °C to 7OFC 
SiGe TGMp erature fangs a6 oo ph ee ae ew reat eG eee ace ~65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package.......... 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package .... 260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, derate the DW package to 720 mW at 70°C at the rate of 9.0 mW/°C, derate 
the J package to 880 mW at 70°C at the rate of 11.0 mW/°C, and derate the N package to 736 mW at 70°C at the rate 
of 9.2 mW/°C. 


recommended operating conditions 


Supply voltage, Vcc 4.75 5 5.25 


Bus ports with pullups active mA 


Bus ports 


Operating free-air temperature, Ta 
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electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX 


UNIT 


Vik___!nput clamp voltage Ces YS ae ae eens oS Y 
Hysteresis 
V Bus 0.4 0.65 
PyYS_(Vt4 — Vr-) | ee en ee 
Vout High-level loH = —800 yA, TE at 0.8 V 2.7 ; 
output voltage }Bus_ = | Io = —5.2 mA, PE and TE at 2 V 
: Low-level lo. = 16 mA, TE at 0.8 V 
OL 


output voltage }Bus | Io, = 48 mA, TE at2V 
Input current at 
I 2 ; : Terminal | Vj = 5.5 V 
maximum input voltage 
: ‘ Terminal 
WH High-level input current we Vi = 2.7 V 
control 
Hie Low-level input current | . Vv; = 0.5 V 
inputs 
Vi/O(bus) Voltage at bus port Driver disabled SEES EY Ra se 


Vibus) = -T5VOOsV[-13 


= 


+ 
> 


. 
> 


+2.5 


Vi(bus) = 2.5 V to 3.7 V 

Vi(ibus) = 3.7 V to5 V 

Vi(bus) = 5 V to 5.5 V ; 2.5 
Vcc = 0, Vi(bus) = 0 V to 2.5 V 


| Short-circuit 


; Sheer No load Terminal outputs low and enabled 
u urr 
cc PPly Bus outputs low and enabled 52 7 
Vv =5Vto0OV,V = Oto2V, 
Ci/o(bus) Bus-port capacitance f pg MHz as 


T All typical values are at Vcc = 5 V, Ta = 25°C. 
+ Von applies for three-state outputs only. 


Current into bus port Power on | Driver disabled 


11/O(bus) 


Vi(bus) = 0.4 V to 2.5 V 


. 
> 


s 
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switching characteristics over recommended range of operating free-air temperature (unless otherwise 
noted), Vcc = 5 V 


TEST CONDITIONS MIN TYPt MAX 


= 
vU 
= 


CL = 30 pF, 
See Figure 1 


Propagation delay time, 
H low-to-high-level output : 
. 2 Terminal 
; Propagation delay time, 
PHL high-to-low-level output 


Propagation delay time, 
Terminal 


t 
PLH low-to-high-level output Ci = 30 pF, 


Propagation delay time, See Figure 2 


t 
PHL high-to-low-level output 


PARAMETER TO 


ten Output pull-up enable time 


m m 


tpzH Output enable time to high level 

tpHz Output disable time from high level CL = 15 pF, 
tpz_ Output enable time to low level See Figure 3 
tpLz Output disable time from low level 

tpzH Output enable time to high level 

t Output disable time f high level = 15 pF, 
PHZ utput disable Brae rom high leve r ‘Pareles CL 5p 
tpz_ Output enable time to low level See Figure 4 
tp_z Output disable time from low level 


CL = 15 pF, 
See Figure 5 


tdis Output pull-up disable time 


TAIl typical values are at Ta = 25°C. 
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SN75ALS165 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


5V 


200 22 
OUTPUT 


GENERATOR 
(See Note A) 


CL = 30 pF 480 f) 
(See Note B) 
3V 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1. TERMINAL-TO-BUS PROPAGATION DELAY TIMES 
TE a 


a3v B INPUT 
OUTPUT 


240 2 | | OV 


C, = 30 pF D OUTPUT 


1? Note B) 
J 


TEST CIRCUIT VOLTAGE WAVEFORMS 


3k2Q 


FIGURE 2. BUS-TO-TERMINAL PROPAGATION DELAY TIMES 


B OUTPUT 


Se 
| 
| OUTPUT 
| 
| 
| BOUTPUT| ast, 
Sito3V | 
| C, = 15 pF 480 2 
| (See Note B) S20PEN | 
| 
| 
= 


08V 

‘pz. kt 4 ‘Lz 
| 35V 

| 


$1 to GND 
ReMEbATOR A O'S S2 CLOSED 
(See Note A) = eee Ve 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. TE-TO-BUS ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
B. C, includes probe and jig capacitance. 
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ADVANCE ~— SN75ALS165 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


PARAMETER MEASUREMENT INFORMATION 


GENERATOR s2. TE INPUT Q pi 
(See Note A) | | OV 
‘ezH— inl rea 


OUTPUT 


240 2 D OUTPUT} 


S2 OPEN | 
Ov 
CL=15PF $3ko tez. gas Pian +e 
3V (See Note B) | 4v 
D OUTPUT 
Hi $1 to GND 
= t+ ek $2 CLOSED 
- opt SEE Aa ie MEM LION G AT FEE” SF aie PRR GE ICES FS OEM Vou 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 4. TE-TO-TERMINAL ENABLE AND DISABLE TIMES 


GENERATOR 
(See Note A) 


PE INPUT 
15V 15V 


| OV 


3V 


8 
w 
i) - 
S 
¢ 
» 
a f 
S| 
l 
| 
o 
- a 
= 
Line Drivers/Receivers 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 5. PE-TO-BUS PULLUP ENABLE AND DISABLE TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, 
te <6 ns, Zoyt = 50 OQ. 
B. Cy includes probe and jig capacitance. 
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SN75ALS165 ADVANCE 
OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER INFORMATION 


TYPICAL CHARACTERISTICS 


TERMINAL HIGH-LEVEL OUTPUT VOLTAGE TERMINAL LOW-LEVEL OUTPUT VOLTAGE 


vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


hs 


0 -5 -10 —15 -—20 -25 -30 -35 —40 0 10 20 30 40 50 60 
1QOH—High-Level Output Current—mA loL—Low-Level Output Current—mA 
FIGURE 6 FIGURE 7 


TERMINAL OUTPUT VOLTAGE 
vs 
BUS INPUT VOLTAGE 
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ADVANCE SN75ALS165 
INFORMATION OCTAL GENERAL-PURPOSE INTERFACE BUS TRANSCEIVER 


TYPICAL CHARACTERISTICS 


BUS HIGH-LEVEL OUTPUT VOLTAGE BUS LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
BUS HIGH-LEVEL OUTPUT CURRENT BUS LOW-LEVEL OUTPUT CURRENT 


VOH-—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 


0 10 20 30 40 50 60 70 80 90 100 
IOH—High-Level Output Current—mA Io —Low-Level Output Current—mA 


FIGURE 9 FIGURE 10 
BUS OUTPUT VOLTAGE 


vs 
TERMINAL INPUT VOLTAGE 


Line Drivers/Receivers 
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4 2 
: © 
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LL. 
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0.9210 4A ee. 18 TS FS 1 rs 
Vj—Input Voltage—V a 
FIGURE 11 <x 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


D2904, JULY 1985 


Meets EIA Standard RS-422-A SN75ALS192 ... D, J, N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


High-Speed, Low-Power ALS Design 
3-State TTL Compatible 


Single 5-V Supply Operation 


High Output Impedance in Power-Off 
Condition 


Complementary Output Enable Inputs 
Improved Replacement for the AM26LS31 


description 


ENABLES —- 


This quadruple complementary-output line driver 
is designed for data transmission over twisted- 
pair or parallel-wire transmission lines. It meets 
the requirements of EIA Standard RS-422-A and 
is compatible with 3-state TTL circuits. 
Advanced Low-Power Schottky technology 
provides high speed without the usual power 
penalties. Standby supply current is typically H = high level, L > low level, 
a : : , Z = high impedance (off), 
only 26 milliamperes, while typical propagation 4° = ieee 
delay time is less than 10 nanoseconds. 


INPUT 


X 
X 
L 
L 
H 


High-impedance inputs maintain input currents low, less than 1 microampere for a high level and less than 
100 microamperes for a low level. Complementary control inputs, G and G, allow these devices to be enabled 
at either a high input level or low input level. The SN75ALS192 is capable of data rates in excess of 20 
megabits per second and is designed to operate with the SN75ALS193 quadruple line receiver. 


The SN75ALS192 is characterized for operation from O°C to 70°C. 
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logic symbolT logic diagram (positive logic) 
G (4) 
aq (12) 
1Y 
1A 
12 
1Y 
12 2Y 
2A 
22 
2Y 
- 3Y 
3A 
3y 32 
az 
4y ay 
42 42z 
tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
PRODUCTION DATA documents contain - Copyright © 1985, Texas Instruments Incorporated 
information current as of publication date. ] 
Products conform to specifications per the terms TE 


of Texas Instruments standar warranty. 4-481 
Production processing does not necessarily 


include testing of all parameters. 
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SN75ALS192 , 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


BA ROMS Beads TE SESE ee AL SS A) EE URIS CS ARS I TES ek LS St SUR SE IS 2 EE TE TD ET OPN IEAM (ha RNS BS I SE EEL FDIS Ee STS LMT 
schematics of inputs and outputs 


EQUIVALENT OF EACH EQUIVALENT OF EACH TYPICAL OF EACH OUTPUT 
DATA (A) INPUT ENABLE INPUT 


Vcc Vcc Vcc 


OUTPUT 


os 

| 

a absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

= Sint Ae re CE IF Sl aes aso wea ete be ea Beas ee a oe ame es ene aaa 7V 

5 GEIST MRI Srnec cote ma ES ee hs om GR Sok Wa oa p a bee Road) a eck OWES, ATE one kalacelpraaete od Ai k a TW 

w Peeeeest ne ane SHISIEMON Sn = Saat AA) hoc 2 wens hp ee A ah oe PR EO Rae ee 

si Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

© EFORCE: = ideas Pacis Fone) a PRUE ET eo UA NRE Oe Od peed al Ee eT LONI EPO Ie 950 mW 

ANNES IER on 4:08 Sar Ree Wet A AON aces a ha SRE Abbe. Sto ORS 1000 mw 

< PASEO aod at tech fu 0 ee aa et gun eh 1 aC S) AEs Tate waders BS weg a aera ee elo ep 875 mW 

@ MDStatiNnG 41e8-Bil -TOmMmmerature ANGE << obo. 5 nos es eee ww dle had le ee aig aerede glee 0° t6-7O °° 

” Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 


NOTES: 1. All voltage values except differential output voltage Vop are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J package, SN75ALS192 chips 
are glass mounted. 


DISSIPATION DERATING TABLE 
Ta = 25°C DERATING ABOVE Ta = 70° 


POWER RATING FACTOR TA POWER RATING 
D 950 mW 7.6 mW/°C 25°C 


PACKAGE 


J (Glass mount) 1000 mW 8.2 mW/°C 28°C 
N 875 mW 7.0 mW/°C 25°C 


4-482 - TEXAS 4% 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


recommended operating conditions 


DRA Cae ier ean RANT Oe ee ee ee 
Supply voltage, Vcc 4.75 5 5.25 


High-level input voltage, Vijy Bre 
Low-level input voltage, Vi. 

High-level output current, IQH 

Low-level output current, Io. 


Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


Vik Input clamp voltage 
VoH_ High-level output voltage Vec = 4.75 V, lon = —20 mA 
VoL Low-level output voltage Vcc = 4.75 V, lot = 20 mA ae 


loz _Off-state (high-imped tate) output t Vv AYER 4! Bett tet 
-state ign-impeacance state) Output Curren = 9. 
i ee ‘ oe Vo = 2.8 


Vee = 525V, Vi=7V ERRORS SB yh 
Veo = 5.25V, Vi = 2.7V 
Voc = 5.265V, Vj = 0.4V ae eee 
Vcc = 5.25 V, All outputs disabled 26 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
+Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Vec = 4.75 V, | = —18mA 


switching characteristics, Vcc = 5 V, TA = 25°C (see Figure 1) 


PARAMETER TEST CONDTIONS MIN TYP MAX |UNIT 


” 
then 
® 
2 
® 
O 
® 
c 
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” 
tes 
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= 
Q 
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= 


t Propagation delay time, high-to-low-level output PS Seas 
Pel cee y 3 “ Ci = 30 pF, $1 and S2 open Rls 
Output toourpat skew Per ore ye ie 
tpzH Output enable time to high level Ri = 750 ee ee 5 We 
tpz_ Output enable time to low level Ri, = 1800 16 20 Boe 

t Output disable time from high level Sia oe 
i Samah sche ! CL = 10pF, $1 and $2 closed Eee 
tp_z Output disable time from low level 16* = 20°] Her] 
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SN75ALS192 . | 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


wae Sal 3V ENABLE G fn Se en oe Se 3V 
INPUT A 1.3V 1.3V Kis Vv (See Note B) 1.5V 
| OV ENABLE G-—-~| ae aon. eee beeen OV 


lg ip). le—tpz_ — tp_z+4——_> 
(See Note A) e—tPLH—>! Side | l Heaps | S1 and 
l 7 ae “(Rk +$——-~45V , | S2 closed 
OUTPUT Y 15V = 4, 
wee eas WAVEFORM 1 | $1 Closed, \ 15V : | ~15V 
Skew f+ | Skew+e (See Note C) f-92 apen | ray 3 —--VoOL 
}e—t 
tPHL +¢——>| le—tpLH— see it tpHz +¢—_» sae 
| -VOH he 
oururz sv WAVEFORM 2 $1 open, | ig pores on : 
—=- VOL (See Note C) S2 closed Ai 4 i Fe = . 
S2 closed 
PROPAGATION DELAY TIMES AND SKEW ENABLE AND DISABLE TIMES 


VOLTAGE WAVEFORMS 


TEST 
POINT fe 
sm 
@ 180 2 
0 $1 

“4 FROM OUTPUT 
< UNDER TEST 
@ 
=| 
an CL 752 és 
(See Note D) 

ww 
@ 
'?) 
®, = = 
< 
@ TEST CIRCUIT 
” 


NOTES: A.When measuring propagation delay times and skew, switches S1 and S2 are open. 
B. Each enable is tested separately. 
C.Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the enable inputs. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the enable inputs. 
D.C; includes probe and jig capacitance. 
E. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zoyt = 502, ty = 15 ns, and 
t¢ < 6 ns. 


FIGURE 1. SWITCHING TIMES 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


Y OUTPUT VOLTAGE Y OUTPUT VOLTAGE 
vs vs 
DATA INPUT VOLTAGE DATA INPUT VOLTAGE 


4.0 
7 7 35 
th o 
2 = 3.0 
"ch 25 
| | 
a by 
= 3 2.0 
; ; 
oO 1.5 
S$ $ 
1.0 ” 
© 
0.5 > 
0 © 
: re 
V;—Data Input Voltage—V V,—Data Input Voltage—V F 
Yes 
FIGURE 2 FIGURE 3 2 
= 
Y OUTPUT VOLTAGE Y OUTPUT VOLTAGE Q 
vs vs ® 
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 5 
4.0 4. 


ores ee RS i oy 


& 


3.0 
7 Vcc =4.5V * 
a ® 
£ 2.5 2 2. 
3 3 hea 
> s Le 
% 2.0 + 2. 
: . if 
9 15 ° 1. 
i 
> 1.0 Vj=2V ae 
Ri = 470 2 to Ground i 
0.5 See Note 3 0.5 
Ta = 25°C 
0 ) 
i) 68) 45.70") O45 Oe. eae Se 0 ae SOS Se Ss Oe See 
V}—Enable G Input Voltage—V V,|—Enable G Input Voltage—V 
FIGURE 4 FIGURE 5 


NOTE 3: The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
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SN75ALS192 | | 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


Z OUTPUT VOLTAGE Z OUTPUT VOLTAGE 
vs vs 
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 


RL = 470 {2 to Vcc RL =4702to Vcc 


See Note 3 
iSite See Note 4 
> > 
é ‘ 
© = 
= = 
$ $ 
we ra 
3 s 
£ £ 
=] = 
q 7 
) =o 
> > 
1s 
=} 
@ 
9 
Zz 0 0.5 1.0 1.5 2.0 Sm Ft 0 0.5 1.0 1.5 2.0 2.5 3.0 
* V}—Enable G Input Voltage—V V,—Enable G Input Voltage—V 
— 
aw FIGURE 6 FIGURE 7 
& 
®. HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
= vs VS 
o FREE-AIR TEMPERATURE OUTPUT CURRENT 
it 5 
rT) ® 
7.) °o 
: : a 
5 2 G 
S : 2 4 ie 
D =) 
> S 50 a aS Vcc =4.5V 
Z So to ee 
S = 15 Ne *K : 
; f 2.) | Nee eee | 
a 3 1.0 * ys 
$ Fc {2 pale | SAIL te, | 
ee oie sl ee Sa 
0 —20 —40 —60 —80 —100 
Ta—Free-Air Temperature—°C 1OH—High-Level Output Current—mA 
FIGURE 8 FIGURE 9 
NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
T 4 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 


lIoL = 20 mA 
See Note 4 


VoL_—Low-Level Output Voltage—V 


” 

Thier 

® 

2 

0 O7 S 
0 10 -20..30 40 50° 60. 70 80 10 20 30 40 50 60 70 80 90 100 2 
Ta—Free-Air Temperature—°C lo L.—Low-Level Output Current—mA > 
FIGURE 10 FIGURE 11 o 

: 2 

SUPPLY CURRENT SUPPLY CURRENT fae 

vs vs © 

SUPPLY VOLTAGE SUPPLY VOLTAGE c 

=a! 


A Inputs Open or Grounded 
Outputs Disabled 
No Load 


Icc—Supply Current—mA 
Icc—Supply Current—mA 


Saver we 
Rar eoe 
bce ld 


0 

0 1 2 3 4 5 6 7 8 
Vcc—Supply Voltage—V Vcc—Supply Voltage—V 

FIGURE 12 FIGURE 13 


NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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SN75ALS192 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREQUENCY 


60 


Input = 0 to3 V 
50 Duty Cycle = 50% 
Ci. = 30 pF to All Outputs 


UI 
ae a th Ah 
soe Hi 


0 


10 k 100 k 10M 100 M 
pe ES 
FIGURE 14 


40 


30 


20}+— 


Icc—Supply Current—mA 
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ADVANCE - §N75ALS193 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


D2931, JUNE 1986—REVISED OCTOBER 1986 


Meets EIA Standards RS-422-A and J DUAL-IN-LINE PACKAGE 
RS-423-A (TOP VIEW) 


@ Meets CCITT Recommendations V.10, 
V.11, X.26, and X.27 


@ Designed for Multipoint Bus Transmission on 
Long Bus Lines in Noisy Environments 


@ 3-State Outputs 


@ Common-Mode Input Voltage 
Range... —-7Vto7V 


Input Sensitivity ... +200 mV 
Input Hysteresis ... 120 mV Typ 
High Input Impedance. . . 12 kQ Min 
Operates from Single 5-Volt Supply 


Low icc Requirements: 
Icc .. . 35 mA Max 


@ improved Speed and Power Consumption 
Compared to AM26LS32A 


description 


The SN75ALS193 is a monolithic quadruple line 
receiver with three-state outputs designed using 
Advanced Low-Power Schottky technology. 
This technology provides combined 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


improvements in bar design, tooling production, IEC Publication 617-12. 
and wafer fabrication. This, in turn, provides 
significantly less power requirements and logic diagram (positive logic) 


permits much higher data throughput than other 
designs. The device meets the specifications of 
EIA Standards RS-422-A and RS-423-A. It 
features three-state outputs that permit direct 
connection to a bus-organized system with a 
Fail-Safe design that ensures the outputs will 
always be high if the inputs are open. 


The device is optimized for balanced multipoint 
bus transmission at rates up to 10 megabits per 
second. The input features high input 
impedance, input hysteresis for increased noise 
immunity, and an input sensitivity of 
+200 millivolts over a common-mode input 
voltage range of —7 to 7 volts. It also features 
active-high and active-low enable functions that 
are common to the four channels. The 
SN75ALS193 is designed for optimum 
performance when used with the SN75ALS192 
quadruple differential line driver. 


The SN75ALS193 is characterized for operation 
from O°C to 70°C. 


ADVANCE INFORMATION documents contain j Copyright © 1984, Texas Instruments Incorporated 
information on new product in the sampling or 
Sbaghe eres phase of ee Characteristic TEXAS 4 
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SN75ALS193 ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


FUNCTION TABLE (EACH RECEIVER) 
DIFFERENTIAL 
A-B 
Vip = 0.2 V 


-0.2V.< Vip < 0.2 V 


Vip = -0.2 V 


high level 

low level 

irrelevant 
indeterminate 
high-impedance (off) 


NaN, SIE SE 
ay ty ae 


schematics of inputs and outputs 
EQUIVALENT OF EACH A OR B INPUT EQUIVALENT OF G OR G INPUTS TYPICAL OF ALL OUTPUTS 


Vcc os Vcc 


oe 
a 
© 
\") 
at 
< 
® 
=] 
“ 
— 
eS) 


OUTPUT 
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ADVANCE | SN75ALS193 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Le Maes EE (OD err Res gh ete ss oe as 5 6 ce hapten Suess Ay» Oe ea Gls Pe 7V 
ISUE VGt@ee- ms Arte kta ee hn Se Le os Ss wate sag ening eee eee S + 16-V 
DT TOTeritinl Tope WOOO (GOO INGUD BP yas. c ic ces wee Sb ele we ae Rae Oo a eee + 15:¥ 
Redes MIMPSENG AER ERC Boge ose: Chale lve fin bt Deh we a ee od Vib Ay pe Re eW HULREn ada Exe etme anaes 7V 
POWs Var Ge AE OUI es ate che, med a Soa est ata A Rar ees Ga eRe Oe ON Dalene 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3)....... 1025 mW 
Operatiray- Hes-aire Semnerature-ranine s,s sawalt es con et ae Pca s new’ amen 0°C to“ 7O2G 
Sterns OC CE TeTRIe so es oe eth age cant ot ace ds ait ete Ra Pe Pepe +65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds....... ee x Rackeoae aoe 300 °C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate to 656 mW at 70°C at the rate of 8.2 mW/°C. In the J package, 
SN75ALS193 chips are glass mounted. 


recommended operating conditions 


Low-level output current, Io. 


Operating free-air temperature, Ta 
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SN75ALS193 ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 


WITH 3-STATE OUTPUTS 


electrical characteristics over recommended range of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
| = 


Vr-+ _ Positive-going threshold voltage SE Serecaae TS S 200 
V High-level output voltage Vip = 200 mV, loH = —400 pA Pe sae 
V 


| 
O igh- 
i= ema COB 
O Low-level output voltage Vip = —200 mV Vv 
yah CO Me IC 
oe). Liak-knpedanceeaoMOak ainaHC = eRe Se BOR Y Mo =.2.4V R 
igh-impedance-state output curren = 5. 
Dee one vi Vo = 0.4V 
DS Other input at O V, Vi = 15 V 0.7 t.2 
I Line input current mA 
See Note 4 Vi = -15V —1:0° =t.7 
| | Vin = 27 V 
lH High-level enable-input current pA 
Vin = 5.25 V 
IL : i 
6 A 


| Low-level enable-input current Vit = 0.4 V 


K 
H 
i. 

Z 

S 


ee Werner 
@ Vip = 3 V, Vo = O, 

| Short-circuit output current -15 -78 -130 mA 
oO See Note 5 
= Icc Supply current Outputs disabled 22 35 
@ T All typical values are at V SV Ta = 26°C. : 

cc A 

an +The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 
oy 8 Hysteresis is the difference between the positive-going input threshold voltage, VT +, and the negative-going input threshold voltage, 

VTS; ; 
. NOTES: 4. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 
< 5. Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 
a es ae : 
® switching characteristics, VCC = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
tpLH Propagation delay time, low-to-high-level output | Vip = —2.5 V to 2.5 V, Cy = 15 pF, 15 22 ae we 
tpH_ Propagation delay time, high-to-low-level output | See Figure 2 22 Le 


15 
t Output enable time to high level 13 2 
PZH : C, = 15 pF, See Figure 3 
tpz_ Output enable time to low level 11 2 
t Output disable time from high level 13 2 
rz c - - ° Ci = 15 pF, See Figure 3 
tpLz Output disable time from low level 15 2 


5 
5 
5 
2 
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ADVANCE | SN75ALS193 


INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION . 


VID 
2Vv 
= GE aE =~? 
GENERATOR 1 ! 
(See Note A) i 
- | 


2V 


TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 


50 Qtr < Ens, te = Ens. 
B. Cy includes probe and jig capacitance. 


FIGURE 2. tpLH. tPHL 
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SN75ALS193 ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


—> a8 2S “a @—< 5 ns —> \¢-< 5ns 
| | 
—|j— ——-3V at —+——-3Vv 
ENABLE / ' ENABLE 
G | 1.3V | G 
1 
| | | : OV 
ts See Note C ae 
ENABLE I | |! ENABLE 
G | | G 
a) 
| $1 closed tel 
| $2 closed 
tPLZ +¢-—>} =1.4V 
OUTPUT S1 open 13V 0.5V OUTPUT $1 closed 
S2 closed =~1.4V S2 open 
tPHZ = 
S1 closed jae ae 
$2 closed 0.5V 
= VOLTAGE WAVEFORMS FOR tpyz. tpzy VOLTAGE WAVEFORMS FOR tpy7. tpz,. 
@ 
TEST 
UY POINT Vcc 
< 
@ 
Ps Rp = 2k 
=, 
> 
4 $1 
@ 
< FROM OUTPUT 
UNDER TEST 
® See Note B 
” 
CL 
See Note A 
$2 
LOAD CIRCUIT 


NOTES: A. C_ includes probe and jig capacitance. 
B. All diodes are 1N3064 or equivalent. 
C. Enable G is tested with G high; G is tested with G low. 


FIGURE 3. tpHz. tPZH. tPLZ. tPZL 
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ADVANCE ---§N75ALS193 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE : OUTPUT VOLTAGE 
vs vs 
ENABLE VOLTAGE ENABLE VOLTAGE 


Vip = 200 mv 
Vic:=0 
RL = 8 kQ to GND 


Vcc = 5.5V 


Vo—Output Voltage—V 
Vo— Output Voltage — 


Line Drivers/Receivers - 


0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3 
Enable Voltage—V Enable Voltage—V 
FIGURE 4 FIGURE 5 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
ENABLE VOLTAGE ENABLE VOLTAGE 


Vip = —200 mV 
Vic = 0 

RL = 1kQ2 to Vcc 
Ta = 25°C 


Vo—Output Voltage—V 
Vo— Output Voltage—V 


Enable Voltage—V Enable Voltage—V 
FIGURE 6 FIGURE 7 
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SN75ALS193 a ADVANCE © 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 
5 
Vcc = 5V 
Vic = -12Vto12V i 
4 
> = 
$ 
® 

. 3 
5° & 
> 6 
2 3 
82 § 
if : 
> T 
1 > 
re) 
> 


SIBAIVIOY/SIBALIG 9UlT el 


0 0 
-200 -100 0 100 200 0 10 20 30 40 50 60 70 80 
Vip — Differential Input Voltage—mV TA—Free-Air Temperature — °C 
FIGURE 8 FIGURE 9 
HIGH-LEVEL OUTPUT VOLTAGE-~ - HIGH-LEVEL OUTPUT VOLTAGE 
vs VS 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 


0 
0 -20 -40 -60 -80 - 100 0 -20 -40 -60 - 80 — 100 
IoH—High-Level Output Current—mA lIOH— High-Level Output Current—mA 
FIGURE 10 FIGURE 11 
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ADVANCE oe SN75ALS193 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Vcc = 5V 
Vip = —200 mV 
Vic = 0 


Vo_—Low-Level Output Voltage—V 


0 10.:20 30 40 50 60 70 80 
Ta—Free-Air Temperature — °C 


FIGURE 12 
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


© 
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V 
ad 
N 
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° 
ro) 
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© 
oO 
° 


° 
b 


© 


© 
Ww 
Vo_—Low-Level Output Voltage—V 
° 


Vip = —200 mV 
0.1 Vic = 0 
Ta = 25°C 
O-- 10-20. 30... 40. 50 -.60--..70::- 80 
lo_—Low-Level Output Current—mA 


FIGURE 13 


Vo_—Low-Level Output Voltage — 


0 10 20 30 40 50 60 70 80 
lo_—Low-Level Output Current—mA 


FIGURE 14 
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SN75ALS193 ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
- Vip = —200 mV 
45+ Vic = 0 
lo = 0 
i, : 
1 35 | 
r= € 
© 30 © 
5 5 
oO © 
fy ” = 
a a 
2 20 a 
‘3 * 
15 
Ee 38 8 
= 10 
@ 
we) 5 Outputs Enabled 
ae lo = 0] 
< 0 0 
© O° 10: 28°30. 40°:-60:— 60 76°. 80 
a Vcc—Supply Voltage—V Ta—Free-Air Temperature— °C 
4 FIGURE 15 FIGURE 16 
© 
= SUPPLY CURRENT SUPPLY CURRENT 
© vs vs 
a DIFFERENTIAL INPUT VOLTAGE FREQUENCY 


Vcc = 5V 
Vi; = +1.5 V Square Wave 
Ci = 15 pF 
rs ¢ Four Channels Driven 
i er 
s e 
NAH 
4 3 
0 S) 
: seem 
Q a 
a F 
8 8 
Outputs Enabled 
Vic = 0 
0 0 
-200  -100 8 100 200, 10k 100k 1M 10M 100 M 
Vip — Differential Input Voitage—mV f—Frequency —Hz 
FIGURE 17 FIGURE 18 
i 
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ADVANCE SN75ALS193 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


INPUT RESISTANCE INPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE INPUT VOLTAGE 


Ta = 25°C 


rj—Input Resistance — kQ 
lj—Input Current—mA 


-3 
0 10 20 30 40 50 60 70 80 -20 -15-10 -5 0 5 10 15 20 
Ta—Free-Air Temperature— °C V;—Input Voltage to GND—V 
FIGURE 19 FIGURE 20 
SWITCHING CHARACTERISTICS PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


Switching Times—ns 
tpd—Propagation Delay Time—ns 


Line Drivers/Receivers hes 


0 
10) 710°. 20- . 36-. 40 «60 60: 70-80 4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 
Ta—Free-Air Temperature — °C Vcc—Supply Voltage—V 
FIGURE 21 FIGURE 22 
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Meets EIA Standard RS-422-A 
High-Speed ALS Design 
3-State TTL-Compatible 

Single 5-V Supply Operation 


High Output Impedance in Power-Off 
Condition 


Two Pairs of Drivers Independently Enabled 


Designed as a Replacement for the MC3487 
with Improvements: Icc 50% Lower, 
Switching Speed 30% Faster 


description 


This quadruple complementary-output line driver 
is designed for data transmission over twisted- 
pair or parallel-wire transmission lines. It meets 
the requirements of EIA Standard RS-422-A and 
is compatible with 3-state TTL circuits. 


7 & *, 


SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


D2917, OCTOBER 1985—REVISED OCTOBER 1986 


D, J, N PACKAGE 
(TOP VIEW) 


OUTPUTS 
2a EE Be 
L > 


H 


High-Ilmpedance | High-lmpedance 


H = TTL high level, L = TTL low level, X = irrelevant 


Advanced Low-Power Schottky technology provides high speed without the usual power penalty. Standby 
supply current is typically only 26 milliamperes, while typical propagation delay time is less than 
10 nanoseconds and enable/disable times are typically less than 16 nanoseconds. 


High-impedance inputs keep input currents low, less than 1 microampere for a high level and less than 
100 microamperes for a low level. The driver circuits can be enabled in pairs by separate active-high enable 
inputs. The SN75ALS194 is capable of data rates in excess of 10 megabits per second and is designed 
to operate with the SN75ALS195 quadruple line receiver. 


The SN75ALS194 is characterized for operation from O°C to 70°C. 


logic symbolt 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


1EC Publication 617-12. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard ager Production processing does not 
necessarily include testing of all parameters. 


4 
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logic diagram (positive logic) 


1,2EN 


1A 


2A 


3,4EN 


3A 


4A 
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SN75ALS194 | 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


schematics of inputs and outputs 


EQUIVALENT OF EACH EQUIVALENT OF EACH EQUIVALENT OF EACH 
DATA (A) INPUT ENABLE INPUT OUTPUT 


Vce Vcc 


OUTPUT 


c. 
iz: 
= absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
ane SHI VEIT CID cg AOC Seine FOOTE 19g sets Soy Legh ah oom cle ab a ao oh elias Pa ai OES gee nectar arg ries hn 7V 
= SPAE STNG ICU EE nc tk) Be oath ech Pare cise si ave SAE Rin wees IRS ek CAE a 5.5. '¥ 
Oo Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
x Dp DeCIe A RTE SIRS a EAN Pe) See ce Een 950 mW 
© ef PROVEN Sots a Pc bone RE eee eee Ee ots eee RATS Goyer a ee a Ene keene es Ge aig ate 1025 mW 
2 Apel so LNs alae rea One i a Bo a ies Op aera PPE MMRS eorS Cuero ely Se Sees ie th pA Son 1150 mW 
=< Onerating free-air tamiperatire fange: 23. 2S SIS See Re SS, 69°C 't0:70°C 
@ Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 °C 
a Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 
NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
DISSIPATION DERATING TABLE 
Ta = 25°C DERATING ABOVE Ta = 70°C 
PACKAGE 
POWER RATING FACTOR Ta POWER RATING 
D 950 mW 7.6 mW/°C 25°C 
J (Glass mount) 1025 mW 8.2 mW/°C 25°C 
N 1150 mW 9.2 mW/°C 25°C 
recommended operating conditions 
70 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 


WITH 3-STATE OUTPUTS 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
range (unless otherwise noted) 


VOH High-level output voltage lIoOH = —20 mA 
VOL Low-level output voltage lo. = 48 mA 


\Vop2! Differential output voltage 


Asin] Change in magnitude of 
OD! differential output voltaget 
Voc Common-mode output voltage 
NWA Change in magnitude of 
oc common-mode output voltage* 
lo Output current with power off Vcc = 0 Vo - 0 25V 
Vo = 


, ee REE COR GE Output enables | Vo =27V | 100: |", 
e urr 
“ wise ; at 0.8 V Vo = 0.5 V poe Sa peas 


RL = 100 Q, See Figure 1 


V 
V 


T All typical values are at Vcc = 5 V, Ta = 25°C. 

FAlVop! and A|Vgc| are the changes in magnitude of Vop and Vgc, respectively, that occur when the input is changed from a high 
level to a low level. 

8 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


? 
Sep eres 


SYMBOL EQUIVALENTS 


DATA SHEET PARAMETER: | RS-422-A 
Vi (RL = 100 0) 
| IVel - [Vel | 
V 
FIGURE 1. DRIVER Vop AND Voc 


Ixale |Ixb! 


C; = 15 of, See Figure 2 


Cy, = 50 pF, See Figure 3 


i 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


eer en--- 1 ad letpLue| ee oa 


Y OUTPUT 


! 
GENERATOR ! 
(See Note A) iC = 15 pF 
(See Note B) 


Z OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORM 
FIGURE 2. PROPAGATION DELAY TIMES 


pains V 
INPUT 
ov 
GENERATOR 
t —ms ee —p mt 
(See Note A) OUTPUT TD nt ! TD 
! 90% 
shes Cy = 15 pF oureur yf FN 
= ee ee aod L bs (See Note B) 10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3. DIFFERENTIAL-OUTPUT TRANSITION TIMES 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr < 5 ns, ts < 5 ns, PRR < 1 MHz, duty 
cycle = 50%, Zo = 50 2. 
B. Cy, includes probe and stray capacitance. 
C. All diodes are 1N916 or 1N3064. 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


| OUTPUT 
! $1 22002 


Cy = 50 pF 


(See Note C) 
GENERATOR] $ «| 4% _ ieee Nate h 
(See Note A) 
= $2 
TEST CIRCUIT 
OUTPUT 3V OUTPUT 3V 
ENABLE 1.5 V ENABLE 1.5V 
INPUT OV INPUT 9 y—/! 
tPHZ—# tpz_ ele 
OUTPUT c O5V YOu ouTPuT | ——T\ 
$1 CLOSED $1 CLOSED 15V 
$2 CLOSED S2 OPEN 
tpLzm ie ir tpZ2H =s5 ie VOL 
OUTPUT i =1.5V OUTPUT Me VOH 
$1 CLOSED ony $1 OPEN 15V 
$2 CLOSED . $2 CLOSED 


VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: tr < 5 ns, ts < 5ns, PRR < 1 MHz, duty 
cycle = 50%, Zo = 50 2. 
B. C, includes probe and stray capacitance. 
C. All diodes are 1N916 or 1N3064. 


FIGURE 4. DRIVER ENABLE AND DISABLE TIMES 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


Y OUTPUT VOLTAGE 
vs 
DATA INPUT VOLTAGE 


Y OUTPUT VOLTAGE 
vs 
DATA INPUT VOLTAGE 


ogee Se 1s 
7 7 35 
: : ite a& 
a £ 3.0 
{oR IE 
a zs 2.5 
z Sey 
¢ ee FES os 
© 1.5 
7d Z Evia 
is 1.0 
@ fee Se 4 
“9 0.5 
e) Teen Bie 
= 0 REARS. at 
= 
o V;—Data Input Voltage—V V,—Data Input Voltage—V 
x FIGURE 5 FIGURE 6 
@ 
> Y OUTPUT VOLTAGE Y OUTPUT VOLTAGE 
< vs vs 
e ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 
“33 4. 
ae 
“| = 3. 
® 
£ 2 2. 
$ S : 
ee pnd . 
3 3 
3 =] 
9 ° 1, 
oO 2) 
- a4; 
Ri = 470 Q2 to Ground 
a pier 4 = Ri = 470 Q to Ground 
0 ‘ See Note 3 
0 O55 fat AG 20° 25... 20 0 O85 4075 eo 2 S30 
V}—Enable G Input Voltage—V Vj—Enable G Input Voltage—V 
FIGURE 7 FIGURE 8 
NOTE 3: The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
Ti ay 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


Z OUTPUT VOLTAGE Z OUTPUT VOLTAGE 
vs vs 
ENABLE G INPUT VOLTAGE ENABLE G INPUT VOLTAGE 


Vcc =5V 
Ri = 470 2 to Vcc 
See Note 4 


Ri = 470 22 to Vcc 
See Note 3 


Vo-Output Voitage—V 
Vo—Output Voltage—V 


0 
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0 


Vj—Enable G Input Voltage—V Vj—Enable G Input Voltage—V 


FIGURE 9 FIGURE 10 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 

FREE-AIR TEMPERATURE OUTPUT CURRENT 


” 
he 
® 
= 
® 
© 
® 
c 
a 
” 
he 
® 
Z 
rs 
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® 
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VoH—High-Level Output Voltage—V 
VOH—High-Level Output Voltage—V 


0 
0 10 20 30 40 50 60 70 #80 0 —20 —40 —60 —80 —100 


Ta—Free-Air Temperature—°C 1OH—High-Level Output Current—mA 


FIGURE 11 FIGURE 12 


NOTES: 3. The A input is connected to Vcc during the testing of the Y outputs and to ground during the testing of the Z outputs. 
4. The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER | 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE OUTPUT CURRENT 
1.0 
> > 0.9 
~ Pa on 
S <0; 
z B 0. 
= s 
6 So: 
o 
: S 
é § 0. 
’ | in 
[ 5 (e) 0. 
a > > 
@ 0. 
9 0 
< 0 10 20 30 40 50 60 #70 80 0 10 20 30 40 50 60 70 80 90 100 
@ Ta—Free-Air Temperature—C loL—Low-Level Output Current—mA 
” 
= FIGURE 13 FIGURE 14 
@ 
S SUPPLY CURRENT SUPPLY CURRENT 
< vs vs 
@ SUPPLY VOLTAGE SUPPLY VOLTAGE 
” 
A Inputs Open or Grounded — 
Outputs Disabled Me 
me 
< < i 
& 
| | 
¢ E j 
E S 
, 7 ei 
Oo © 
: i a 
a a 
S = 
a 
3) ) 
& 2 
Vcc—Supply Voltage—V Vcc—Supply Voltage—V 
FIGURE 15 FIGURE 16 


NOTE 4: The A input is connected to ground during the testing of the Y outputs and to Vcc during the testing of the Z outputs. 
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 SN75ALS194 
QUADRUPLE DIFFERENTIAL LINE DRIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREQUENCY 


60 


Vec = 5V 
Input = Oto3 V 

Duty Cycle = 50% 
C_ = 30 pF to All Outputs 


Wl 
Oa a aa 
dt Hi 


50 


40 


Icc—Supply Current—mA 


4 | 
' 


" mA) aM Hill S 
2 
® : 
0. © 
10 k 100 k 10M 100 M ® 
oc 
a. , 
FIGURE 17 5 
> 
= 
® 
be 
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ADVANCE SN75ALS195 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


D2928; JUNE 1986—REVISED OCTOBER 1986 


Meets EIA Standards RS-422-A and J PACKAGE 
RS-423-A (TOP VIEW) 


@ Meets CCITT Recommendations V.10, 
V.11, X.26, and X.27 


@ -7V to 7 V Common-Mode Range with 
200-mV Sensitivity 


3-State TTL-Compatible Outputs 
High Input Impedance... . 12 kQ Min 


e 
. 
@ Input Hysteresis ... 120 mV Typ 
@ Single 5-V Supply Operation 

® 


Low Supply Current 
Requirement. . . 35 mA Max 


@ Improved Speed and Power Consumption 
Compared to MC3486 


description 


The SN75ALS195 is a monolithic quadruple line 
receiver with three-state outputs designed using 
Advanced Low-Power Schottky technology. 
This technology provides combined 
improvements in bar design, tooling production, 
and wafer fabrication, providing significantly less 
power consumption and permitting much higher 
data throughput than other designs. The device | 
meets the specifications of EIA Standards tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
RS-422-A and RS-423-A. IEC Publication 617-12. 


The SN75ALS195 features three-state outputs 
that permit direct connection to a bus-organized 
system with a fail-safe design that ensures the 
outputs will always be high if the inputs are 
open. The device is optimized for balanced 
multipoint bus transmission at rates up to 
10 megabits per second. The input features high 1A 
input impedance, input hysteresis for increased 1B 
noise immunity, and an input sensitivity of 
+200 millivolts over a common-mode input 
voltage range of +7 volts. It also features an 2B 
active-high enable function for each of two 
receiver pairs. The SN75ALS195 is designed for 
optimum performance when used with the 
SN75ALS194 quadruple differential line driver. 


logic diagram 


The SN75ALS195 is characterized for operation 
from: 0°C to. 70°C. 


ADVANCE INFORMATION documents contain _ Copyright © 1986, Texas Instruments Incorporated 
information on new products in the sampling or y/ 
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. without notice. INSTRUMENTS 


POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 


ADVANCE INFORMATION 


n 
fee 
o 

a 
® 
a) 
® 

ce 

— 
Yn 
hoe 
® 
ot 

‘= 

a) 
© 

= 

pa 


4-511 


SN75ALS195 ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


FUNCTION TABLE (EACH RECEIVER) 


DIFFERENTIAL ENABLES OUTPUT 
Se Bs 


A-B 


high level 

low level 

irrelevant 
indeterminate 
high-impedance (off) 


Pn SS Oe PT 
et Rs oll 


schematics of inputs and outputs 


- 
| = EQUIVALENT OF EACH A or B INPUT EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL OUTPUTS 
0 igh Bo ee Vcc 
=e 
¢ 50 2 
@ 
= 
7) 
. 
eS) 
@ 
a2) 
a 
< 
@ OUTPUT 
=| 
7) 
Vcc (A) 
or 
> GND (B) 
5 
rT 
= 
= 
o 
= 
a 
O 
= 
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ADVANCE | | SN75ALS195 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


UA CAE aie NEE CA SED VE ideas oy care pi ca ae a ccd ng EEN, 6 cles Pn Waa aS 7V 
Vt Virtanen ta Ores NL WS Se te ee ee ch Oe aay ste pea ee +13 -¥ 
Ditferemtial input voltage (see Note-2) ow. ke ee el a a +15°¥ 
Enabig- input volmnoge:. 1. <.. cctv ce Soe Gig taty Gee tah, x Pa ihn Reba Gaerne ea leoianeabeies 7V 
Rail Fea Si YORE Ue SC UPOURE EE lo acy os A a oa pce pn ke Pa wes a ada! ODEO A Re one ee ewe ee 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3)....... 1025 mW 
Operating free-air temperature range... oS ea ae Sr ee es ee a ee os oe O°S 20 7070 
Slirane- Teer Fee. oe oe es pce ps ee Da ate Cee a a ee eS -“65°C to 1502C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operating above 25°C free-air temperature, derate the J package to to 656 mW at 70°C at the rate of 8.2 mW/°C. In 
the J package, SN75ALS195 chips are glass mounted. - 


recommended operating conditions 


Low-level output current, Io. 


Operating free-air temperature, Ta 
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SN75ALS195 toe ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended ranges of common-mode input voltage, supply voltage, 
and operating free-air temperature (unless otherwise noted) 


2 ae ee are): 
ee ae 
ee ea 


a 8 mA 
Vo_ __ Low-level output voltage Vip = —200 mV 
lol = 16 mA 


Vit = 0.8 V, Vip = -3 V, 
Vo =2.7V 


| High-impedance state output current acai 
oe ak e oe Vip = 3V 
=0.5V 
iF Line input current 
See Note 4 v= TY 
V 


ee 
=27V a ie 

rm li High-level enable-input current 

= Vin eae | oe en 

@ Low-level enable-input current Vit = 0.4 V 

S ee ee 

= Vip = Vo = 

< Short-circuit output current -78 -130 

oO See Note 5 
ae ee 

pply current Outputs disabled 

o a 

2 T All typical values are at Vcc = 5 V, Ta = 25°C. 

ro) +The algebraic convention, in which the less positive limit is designated minimum, is used in this data sheet for threshold voltage levels only. 

oO $ Hysteresis is the difference between the positive-going input threshold voltage, V7 +, and the negative-going input threshold voltage, 

< Vir. 

@ NOTES: 4. Refer to EIA Standard RS-422-A and RS-423-A for exact conditions. 

~” 5. Not more than one output should be shorted at a time and the duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpLH Propagation delay time, low-to-high-level output | Vip = OVto 3 V, Cy. -= 158 pF, 15 22 Pas 
tpy_ Propagation delay time, high-to-low-level output | See Figure 2 15 22 en ea | 
t Output enable time to high level 13 25 

= : : Cy = 15 pF, See Figure 3 ne | 


tpz_ Output enable time to low level 
t Output disable time from high level 13 25 
PHZ p g Cr = 1Sipf, See Figure 3 


L 


tp_z Output disable time from low level 


NOILVINYOSANI ADNVACV 
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ADVANCE | SN75ALS195 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


VID 


2Vv 


GENERATOR OUTPUT 
(see Note A) 


—>i tpl je —pl tpHL je 


—|— -VOH 


1.3V 
OUTPUT 


VoL 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 


50 2,t, <= 6 ns, tf < Ens. 
B. Cy, includes probe and jig capacitance. 


FIGURE 2. PROPAGATION DELAY TIMES 
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SN75ALS1 95 ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 
Swi 
+2.5V 6 : OUTPUT 5 
W2 
-2.5 V—O 2 kQ 
OY O—5V 
= rf (see Note C) 
CL = 15 pF dm 
GENERATOR ze 8 (see Note B) 
(see Note A) 512 { 
= TEST CIRCUIT 
7 tPZL 
= tPZH 3V 
@O 3V 
oO SW1 to 2.5 V INPUT — ——1.5V 
=. INPUT per cer he eae open SW1 to -2.5 V 
= =p se = OV SW3 closed pe seid SW2 closed 
a tPZH —>| }¢— tpZL ia je SW3 open 
— 
a | VoH + a ae 
© artes \ ¥ eae © OUTPUT ay. ae Vv 
< ee erie VoL 
@ 
" 
t tPLzZ 
PHZ “ee 3V 3V 
SW1to2.5V —inpyT 1.5V inet ss 
INPUT 1.5V SW2 closed | SW2 closed 
| SW3 closed | i SW3 closed 
> | ce OM | 
Ss) muz—4 ke zoe 
< | | ———14V 
> | VOH 
2 output OUTPUT 0.5V 
'?) ———1.4V VoL 
rm 
= VOLTAGE WAVEFORMS 
"Tl = NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 
oO 50 Q,t, < 6 ns, te < 6ns. 
Se) B. C,_ includes probe and jig capacitance. 
= C. All diodes are 1N3064 or equivalent. 
> FIGURE 3. ENABLE AND DISABLE TIMES 
ae 
fo) 
2 
7; 4 
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ADVANCE 


SN75ALS195 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
| WITH 3-STATE OUTPUTS 
TYPICAL CHARACTERISTICS 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
Ss 
ENABLE VOLTAGE cali ALE 
5 


Vip = 200 mV 
Vic = 0 
Ri = 8 kQ to GND 


Vec = 5.5V 


: (cS Lae 
- A Vec = 5V > 
Pp tn ec A | 
® r) 
ie ver eb y 3 
S Be re ce 
3. 8 
6 a 
| 
2) 
$ S 
1 
0 
0 0.5 1 1.5 2 2.5 3 0) 0.5 1 1.5 2 2.5 3 


Enable Voltage—V 
FIGURE 4 


OUTPUT VOLTAGE 
vs 
ENABLE VOLTAGE 


Vip = —200 mV 
Vic = 0 
RL = 1kQ to Vcc 


Enable Voltage—V 
FIGURE 5 


OUTPUT VOLTAGE 
vs 
ENABLE VOLTAGE 


Line Drivers/Receivers - 


i ; 
® @ 2a 
g ey ve) 
oS S “ar 
> > nee 
Z 2 <L 
; : = 
c 
S $ ) 
LL. 
= 
°5 ae a RE ree A 3 €) 
Enable Voltage—V Enable Voltage—V 2 
FIGURE 6 FIGURE 7  § 
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SN75ALS195 ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 
OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 


vs vs 
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 


Vcc = 5V 

Vic = -12Vto12V 
lo = 0 

Ta = 25°C 


VOH—High-Level Output Voltage—V 


SIBAIQDOY/SIOAUG OUT re 
Vo—Output Voltage—V | 


Vip = 200 mV 
Vic = 0 
0 re) 

— 200 — 100 0 100 200 QO. 210: 520, 30: 401 60 36) -70-- 80 
Vip — Differential Input Voltage —mV Ta—Free-Air Temperature — °C 
FIGURE 8 FIGURE 9 
HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 


Vcc = 5V 
Vip = 200 mV 


CTT [ee bom 
Vic = 0 
Min ies Se os Re eset 


a & 
| 
) Lo ® 
ye : 
om * = 
mea: S & $ 
= a N\ Vcc = 5.5 V a 3 
> 6 va Vec = 5V 6 
> 3 Pa Vcc = 4.5 V 3 2 
al ol 
i i 
— | 
2 3 z 1 
S ; 
a 
<= lIoH— High-Level Output Current—mA lIoH— High-Level Output Current—mA 
= FIGURE 10 FIGURE 11 
= 
4 
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ADVANCE 
INFORMATION 


SN75ALS195 
QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT VOLTAGE 


vs 


FREE-AIR TEMPERATURE 


Vip = —200 mV 
Vic = 0 


VoL_—Low-Level Output Voltage—V 


0 
0 10 20 30 40 


Ta—Free-Air Temperature — °C 


FIGURE 1 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


© 
co 


© 
~ 


oa 
ro) 


0.5 


0.4 


0.3 


Vo_—Low-Level Output Voltage—V 


50 60 70 80 


2 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 
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ADVANCE INFORMATION 


: 4 0 60 70 0 
: a Oa abease eres oe : i yas ae ah aan ‘ 
loL—Low-Level Output Current—mA OL p 
FIGURE 13 FIGURE 14 
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SN75ALS195 | ADVANCE 
QUADRUPLE DIFFERENTIAL LINE RECEIVER INFORMATION 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE FREE-AIR TEMPERATURE 


lcc—Supply Current—mA 


Outputs Enabled 


SIDAIBIBY/SABANG 9UlT re 
Icc—Supply Current—mA 


lo = O 
0 
0-330. 20-30): 420: 350.60 -.70 .80 
Vcc—Supply Voltage—V Ta—Free-Air Temperature— °C 
FIGURE 15 FIGURE 16 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
DIFFERENTIAL INPUT VOLTAGE FREQUENCY 


Vcc = 5V 
Vj; = +1.5 V Square Wave 
CL = 15 pF 
rs < Four Channels Driven 
ee On Sir een) | 
5 i 
s 2 
< Ht TTT 
o Oo cama a 
Si BLUME TIME CEM ATT 
o a 
| as 
mM 6S ll ip =0 o 
sna Outputs Enabled 
a us 
7 Vic 0 
oO TA = 25°C 
0 
0 
a -200 - -100 0 100 200 10k 100k 1M 10M 100 M 
<= Vip— Differential Input Voltage—mV f — Frequency —Hz 
> FIGURE 17 FIGURE 18 
el 
a 
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ADVANCE | SN75ALS195 
INFORMATION QUADRUPLE DIFFERENTIAL LINE RECEIVER 
WITH 3-STATE OUTPUTS 


TYPICAL CHARACTERISTICS 


INPUT RESISTANCE INPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE INPUT VOLTAGE 


S < 
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® | 
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® 

0 oo ie 

0 10 20 30 40 50 60 70 80 -20 -15 -10 -—5 0 5 10 15 20 cc 

Ta—Free-Air Temperature — °C V;—Input Voltage to GND—V O 

td 

FIGURE 19 FIGURE 20 - 

i 

SWITCHING CHARACTERISTICS PROPAGATION DELAY TIME a 

vs vs S 

FREE-AIR TEMPERATURE SUPPLY VOLTAGE ~ 


” 

T 

© 

: 
H > 2 
E 3 oO 

- 

5 E - 
= 3 C= § 
a o Ss 

3 9 
° & cc 
: 
_ 

0 0 
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Ta—Free-Air Temperature — °C Vcc— Supply Voltage—V 3 
FIGURE 21 FIGURE 22 gf 


i 
XAS ty 4-521 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


uAS636AC 


DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 


Meets EIA Standards RS-423-A and 
RS-232-C and Federal Standard 1030 


Slew Rate Control 

Output Short-Circuit-Current Limiting 
Wide Supply Voltage Range 

8-Pin Dual-In-Line Package 


Designed to be Interchangeable with 
Fairchild 9636A 


description 


The uA9636AC is a dual single-ended line driver 
designed to meet EIA Standards RS-423-A and 
RS-232-C and Federal Standard 1030. The slew 
rates of both amplifiers are controlled by a single 
external resistor, Rys, connected between the 
wave-shape-control terminal and ground. Output 
current limiting is provided. Inputs are 
compatible with TTL and CMOS and are diode- 
protected against negative transients. This 
device operates from +12 volts and is supplied 
in an 8-pin dual-in-line package. 


The uA9636AC is characterized for operation 
from O0°C to 70°C. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


CURRENT 
SOURCE 


PRODUCTION DATA documents contain information 


D2608, OCTOBER 1980—REVISED SEPTEMBER 1986 


D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


logic symbolT 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


logic diagram 


1A 1Y 
WAVE-SHAPE (1) 
CONTROL 
2A 2Y 


TYPICAL OF ALL OUTPUTS 
Vcoc+ 


OUTPUT 


‘ Copyright © 1980, Texas Instruments Incorporated 
— as *) publication mye Products —_— to T 43 
ese specifications the terms of Texas 
bantresets sande warranty. Production | EXAS 4-523 
processing does not necessarily include testing of all N STRU MENTS 
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uASG36AC | 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply voltage range, Vcc «:(see Note We... fa oe ee ee i eo VOC — 10°15. Vv 
MOGMUVE ari UsOrrate PENOG, VO 5 cs pet. hole tove Soy oso Ss heed es YO 0.5 Vto -15 V 
er eNesisk AACS UNCRIR ET See, 5 als vie eed ooo woe o Mest ovina bene gad aaa ich aaa yee tema Slt eas +15 V 
SOR PUUHAL- GUC CONE tte ee ek hn a ee ee ae 8 + Spe ee eA +150 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

Bo IEE et cece heta xo ss Ge FG AKG RIS ow BGs» ped REREAD Wx og ee ee OS og in ee 725 mW 

Te eee Oe a oS ee ee, | ae i Pere Fee een reir ates 825 mW 

Fe PE eg Pert LA pay car Blake oe pode nee oo CO PO ee Pe eee oot 1000 mW 
Operating tree-alr temperature range 6... i ee eee ee PERS OFC 0. 70°C 
Sta Ter OretIfen ONTO, <i. cerrr le kc ek Gas oe oe ee eke ee oe eel ete eee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P packages....... 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, uA9636AC 
chips are glass mounted. In the P package, use the 8.0 mW/°C curve for these devices. 


recommended operating conditions 


e . 
me 

@ 

ws) Positive supply voltage, Vcc + 

= Negative supply voltage, Vcc — 

s High-level input voltage, Vijy 

= Low-level input voltage, V 

il Wave-shaping resistor, Ryws 

y Operating free-air temperature, Ta 

© 

¢. electrical characteristics over recommended range of free-air temperature, supply voltage, and wave- 
® shaping resistance (unless otherwise noted) 

7) 


MIN TYPTt MAX 


PARAMETER TEST CONDITIONS 
(See Note 3) 


ViK Input clamp voltage i} = -15 mA 
3 kQ to ground 


RL = & 
VOH _—High-level output voltage Ri = 
RL = ~ 
Ri = 


4 ; 
BOSS ee aes SC a 
VoL Low-level output voltage 3 kQ to ground 


High-level input current 


NH i 
Nie Low-level input current 
lo Output current (power off) 
los 
lo 


Output resistance 


Icc + Positive supply current : . 
Rws = 100 kQ, Output open 
V = +12 V, Vv; = O, 
Icc— Negative supply current ce | 
Rws = 100 kQ, Output open 


TAIl typical values are at Vcc +12 V, Ta = 25°C. 

+Not more than one output should be shorted to ground at a time. 

NOTE 3: The algebraic convention, in which the less-positive (more-negative) limit is designated as minimum, is used in this data sheet 
for logic voltage levels, e.g., when —5 V is the maximum, the minimum is a more-negative voltage. 


Short-circuit output current*+ 


4 
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— uASB36AC 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 


switching characteristics, VCC+ = 12 V, Ta = 25°C, see Figure 1 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


0.8 1.1 


tTLH ‘Transition time, low-to-high-level output 


tTHL ‘Transition time, high-to-low-level output 


Rws = 500 kQ 40 55 70 
140 


110 


Vcc + 
——— 3V 
INPUT ” 
INPUT fy OUTPUT (See Note B) a 
ov 2 
rate RL CL = 30 pF & 
(See Note A) Vols = 
— 
” 
he 
VOL 
Vec— “he 
OQ 
® 
TEST CIRCUIT VOLTAGE WAVEFORMS c 
pe 


NOTES: A. Cy includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: tt <10 ns, te < 10 ns, Zoye = 502, 
PRR < 1 kHz, duty cycle = 50%. 


FIGURE 1. TRANSITION TIMES 
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uAS636AC 
DUAL LINE DRIVERS 


WITH ADJUSTABLE SLEW RATE 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 


Vv 
INPUT VOLTAGE 


Vcoc+ = +12V ae 
Sa ache Ba a ME 


-—2 


Vo —Output Voltage—V 
N 


ff | 
| py | | MAY 


1.6 2 


0.8 
V;j—Input Voltage—V 


FIGURE 2 


. ae 


OUTPUT CURRENT 


vs 
OUTPUT VOLTAGE 
(POWER ON) 


50 


Vec+ = +12V 
40 F Rws = 100 ko 
30 LTA = 25°C 


lj—Input Current—p 


150 7 
ee REST Rsee Se 
aa REET TE ee 
OO ak eB a HE 
2 ee 
Oat deaeerot 
- 100 


INPUT CURRENT 


vs 
INPUT VOLTAGE 


veces = 212v| | | | If 


200 
Rws = 100k “T. _ g0¢ {If 


250 


TA = 25°C 


Ta = 70°C 


aig 6 ).6°-7- 8 
Vi—Input Voltage—V 


FIGURE 3 
OUTPUT CURRENT 
vs 
OUTPUT VOLTAGE 


| (POWER OFF) 
100 


< i Se a es a 
20 jt , 40 
Sof |: 
Br. 0 : S 
sae SoG Bik Bee 
Wee SERRE Bee & 
ese eaten malbedlee 
ee Le Sa 
aie is he 9 Be) ae el 
-10-8-6-4-2 0 2 4 6 8 10 1 = 
Vo— Output Voltage—V a RP RS ee eed 
FIGURE 4 FIGURE 5 
% 
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tTLH. tTHL— Transition Times—ys 


12 V 


uA9636AC 
DUAL LINE DRIVERS WITH ADJUSTABLE SLEW RATE 


TYPICAL CHARACTERISTICS 


TRANSITION TIMES 
vs 
WAVESHAPING RESISTANCE 


PSL 6s Gases ae a 
—M_me iy — 


= 
] 
i 
it 
a 
= 
a= 
int 
3S 
r 


== 
re a 
Ta 
La 
cnt 
==5 
can Gl 
Mey a 
es 
OF 
sa 
eral 
i ee 
7 


1 0 oa ee ‘Sas SS ss a ee le 
7 a eC 5 re SA Me eae at ae BY 
eet Sn os ne 

4 211 See iS 


(ead Se Oe 5 | BE HE 

; crt — tt 
IME LEU 

0. 01 0.04 0.1 0.4 1 4 10 


Rws-—Waveshaping Resistance —MQ 
FIGURE 6 


TYPICAL APPLICATION DATA 


TWISTED PAIR 5V 
OR 
FLAT CABLE 


Line Drivers/Receivers ES 


FIGURE 7. RS-423-A SYSTEM APPLICATION 
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uA9637AM, uA9637AC 
DUAL DIFFERENTIAL LINE RECEIVER 


D2609, SEPTEMBER 1980—REVISED NOVEMBER 1986 


@ Meets EIA Standards RS-422-A and uA9637M ... JG PACKAGE 
RS-423-A uA9637C ... D, JG, OR P PACKAGE 


(TOP VIEW) 
Meets Federal Standards 1020 and 1030 


Operates from Single 5-V Power Supply 
Wide Common-Mode Voltage Range 


TTL-Compatible Outputs logic symbolt 
High-Speed Schottky Circuitry 


8 
a 
@ 
® High Input Impedance 
& 
e 
® 


8-Pin Dual-in-Line and ‘’Small Outline’ an+ £8) 
Packages iN — 10UT 

@® Similar to SN75157 except for Corner Vcc 2IN + | 
and Ground Pin Positions an 20UT 


@ Designed to Be Interchangeable with 


Fairchild pA9637A T This symbol is in accordance with ANSI/IEEE Std 91-1984 and ” 
IEC Publication 617-12. rT) 

description aes = 
logic diagram hc 

The uA9637AC is a dual differential line receiver o 
designed to meet EIA standards RS-422-A and sins 02) on 
RS-423-A and Federal Standards 1020 and (2) sour ” 
1030. It utilizes Schottky circuitry and has TTL- sin Ae o 
compatible outputs. The inputs are compatible Fa 
with either a single-ended or a differential-line (6) Q 
system. This device operates from a single 5-volt 21N+ (3) o 
power supply and is supplied in an 8-pin dual-in- (5) 20UT = 
21N— =al 


line package and small outline package. 


The uA9637AM is characterized over the full 
military temperature range of —55°C to 125°C. 
The uA9637AC is characterized for operation 
from O°C to 70°C. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc 
50 2 NOM 


Vcc 


CURRENT 
SOURCE 


PRODUCTION DATA documents contain Copyright © 1980, Texas Instruments Incorporated 
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uA9637AM, uA9637AC 
DUAL DIFFERENTIAL LINE RECEIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDO VORMae, Wer ARORTOlO 1) ek Sk oe ee 6 pw Dee tee eas -O.5Vto7V 
WINANS SONI 5 rene ieee. y kcd gre ehh egos hin 0 a cla eM ON Eee LE ee ee ee £15.V 
Cilterentia: wiput voueae-1aee Note 2)i 25.3.5 ee ois woo co es oe eee ee £15:Ve- 
oUnEaSAe, SPCC BTA i PERNEEESE oe8Ss h ) a Goa) en, ace ae he Ges We eR Sen —-0.5 V to 5.5 V 
RADA PESE Ao UPR ENEE COUNT PRAT ER 2-5, Sooo og Sle ce ha a 2 ac ai cs a debe dee a Be cD gee a ee 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
ee ete ae tt Deg eee ee es ae Sie bene otohew se. Re new ant Sa tee 725 mW 
CF SAEs ARPA PIRI fy ticket ee Gita h kes <o Goo wn Cb die a Se Pe tee 1050 mW 
MEP Fa os Sah sie Ss Oe NS Eee SD a eee ak eek a 825 mW 
ee PR NGS co eS ahs ya oso Bab biog ee a Re Oe eee 8 SA ea ee 1000 mW 
Operating free-air temperature range: uUA9637AM .................00000 ~ 55°C to-126°C 
CRASS FNS = once eto. nko ad oe Ra oe cae O20 ta: 70°C 
VOL: CaTMLR UI SAMIR Das SS anc i 125s AS Akai pies pce oak ee ee - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 
ce 
5 2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
@ 3. For operation above 25 °C free-air temperature, derate linearly at the following rates: 5.8 mW/°C for the D package, 8.4 mW/°C 
rw) for uA9637AM in the JG package, 6.6 mW/°C for uA9637AC in the JG package, and 8.0 mW/°C for the P package. 
oe 
= recommended operating conditions 
v | uA9637AM_—_—|_—uAG37AC 
A9637AC 
n uA9637AM u UNIT 
.) | MIN NOM MAX | MIN NOM MAX | 
eS -eason wotge, Wor P45 5 85/475 5 5.25 
@, | Common-mode input voltage, Vic 
~ Operating free-air temperature, Ta a SS ie 0 70 
7) 
electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless otherwise noted) 
MIN TYPt MAX 
PARAMETER TEST CONDITIONS UNIT 
See Note 4 
Re ae iS ee 7 ae 
Vou .— High-level output voltage Vip = 0.2 V, lo = -1 mA ote 5 a See ee 
VoL Low-level output voltage Vip = —0.2 V, lo = 20 mA cs eee, OG 
Vec = Oto 5.5 V, | Vj = 10 V Lads 3025 
\y Input current mA 
See Note 6 v= -10V aoe 2m 
los Short-circuit output current? Vo = O, Vip = 0.2 V -40 -75 -—100 
icc Supply current Vip = -0.8V, No load Po ase SOL mA 
TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
tOnly one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTES: 4. The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 
for threshold levels only. 
5. The expanded threshold parameter is tested with a 500-0 resistor in series with each input. 
6. The input not under test is grounded. 
TEXAS 4 
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uA9637AM, uA9637AC 
DUAL DIFFERENTIAL LINE RECEIVER 


switching characteristics, VCC = 5 V, Ta = 25°C 


PARAMETER TEST CONDITION MIN TYP MAX | UNIT 
t Propagation delay time, low-to-high-level output Rae Sa tS 
ie = : : : . : : Cy = 30 pF, See Figure 1 2 
tpH_ Propagation delay time, high-to-low-level output Ree eS 


PARAMETER MEASUREMENT INFORMATION 


Vcc+ OUTPUT Vcc+ +0.5V——— 


INPUT 
(see Note B) 


-0.5V 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORM 


NOTES: A.C, includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: tp < 5 ns, ts <s 5 ns, PRR < 5 MHz, 
duty cycle = 50%. 


FIGURE 1. TRANSITION TIMES 
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TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs | . 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 


eo asa ps 

; Bs Se 
> 
é pi ee 
yy . 
: eae US 
ae > 
3 2 
5 B 
| 7 
> fe) 

i Sais bares Seas VaR eS 

- 100 —50 0 50 100 

Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
FIGURE 2 FIGURE 3 
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uA9637AM, uA9637AC 
DUAL DIFFERENTIAL LINE RECEIVER 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE | LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
Vo_L—Low-Level Output Voltage—V 


E 
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£, 0 -10 -20 —30 -—40 -50 -60 -70 -80 
@ 
Oo 1QH—High-Level Output Current—mA loL—Low-Level Output Current—mA 
— 
a FIGURE 4 FIGURE 5 
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Vcc—Supply Voltage—V 
FIGURE 6 
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uA9637AM, uA9637AC 
DUAL DIFFERENTIAL LINE RECEIVER 


TYPICAL APPLICATION DATA 


+5 V TWISTED PAIR +5 V 


1/2 uA9638AC 1/2 uA9637AC 


1/2 uA9637AC 


FIGURE 7. RS-422-A SYSTEM APPLICATIONS 
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uA9638C 
DUAL HIGH-SPEED DIFFERENTIAL LINE DRIVER 


D2612, OCTOBER 1980—REVISED SEPTEMBER 1986 


Meets EIA Standard RS-422-A D, JG, OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Operates From a Single 5-V Supply 
TTL-and CMOS-Input Compatibility 
Output Short-Circuit Protection 
Schottky Circuitry 


Designed to be Interchangeable with 
Fairchild 9638 


description 


The uA9638C is a dual high-speed differential 
line driver designed to meet EIA Standard 
RS-422-A. The inputs are TTL- and CMOS- 
compatible and have input clamp diodes. 
Schottky-diode-clamped transistors are used to 
minimize propagation delay time. This device 
operates from a single 5-volt power supply and 
is supplied in an 8-pin dual-in-line package. 


logic diagram 


The uA9638C is characterized for operation 
from O0°C to 70°C. 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
Vcc 


4k2NOM 


9.6 2 
OUTPUT 


A isaie i Dh ge DATA documents contain 2 Copyright © 1980, Texas Instruments Incorporated 
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roducts conform to specifications per the terms 
of Texas Instruments standar warranty. | EXAS 4-535 
Production processing does not necessarily NSTRUM ENTS 
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uA9638C 
DUAL HIGH-SPEED DIFFERENTIAL LINE DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


sunny voltage tanga. “re (see. Note 1) o.oo. el ae Ree -O.5Vto7V 
NINN AR RA NC erty go, dca hoe ap 0%, ew ao amta 4-2 op pean ay ener abil ed aie aes =0.5 V to 7 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

REDUCE Sb Sos ips + Kroc aeky vob sete BCE Ole ORG ae pee eee ea ere 725 mW 

mB SS eis ae OP ea hd ce Baler ie en er ee me Jee eBoy ee ae or Per 825 mW 

oO cab pee AE REA is a Poe EAR Sa wre Em eae DL tn. 3 5 oP L 4 ite SPS 1000 mW 
Operating tree-air temperature rang@e.i.s ince ee ee SUD. OPE ae O°C- to: 70°C 
Reet ene) WUrTOTMRUITG TIE i>. Soc calg gob bs fecn aw 0 wih deere Sea -0 9's ja SEE Pos Roe ~65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from 10 seconds: D and P package .............. 260°C 


NOTES: 1. Voltage values except differential output voltages are with respect to network ground terminal. 
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Appendix A. In the JG package, uA9638C 
chips are glass mounted. In the P package, use the 8.0-mW/°C curve for these devices. 


recommended operating conditions 


ET EEE Sec Eee ener A ey er See! SS ETE Te 


PARAMETER TEST CONDITIONS MIN TYPt MAX 
V Input clamp voltage Vcc = 4.75 V, | = —18mA 
V 


IK 
V = 4.75 V, V = 2 V, | = = 10 mA 2.5 3.5 
OH High-level output voltage cc 1H OH 
ees REE as 
VOL 


Voc = 4.75V, ViH=2V, Vit = 0.8, 
Low-level output voltage cc 1H IL 
lo. = 40 mA 


| Vop1 | Differential output voltage Vcc = 5.25V, Io = 0 2Vop2 
| Vop2 | Differential output voltage 


Change in magnitude of a2 
+0.4 V 
V 

| uA | 


A| Vop | differential output voltage 


§ Vcc = 4.75 V to 5.25 V, R, = 100 Q, See Figure 1 
Voc Common-mode output voltage 


Change in magnitude of* 
A| Voc | +0.4 


common-mode output voltage 


Yo = 6V er ee 
Vo = —025V | 0.1 100 
Vo= -025V0eV| 2100 


rm High-level input current Vcc = 5.25V, Vj = 2.7V 
We Low-level input current Vec = 5.25V, Vi = O.5V 


lo Output current with power off 


lj Input current 


Vec = 5.25V, Vi = 5.5V 


los Short-circuit output current Vcc = 5.25V, Vg =0 ~50 —150 
Icc Supply current (all drivers) Vcc = 5.25 V, No load, All inputs at O V ee 


TAIl typical values are at Vcc = 5 V and Ta = 25°C. 

4A! Vop | and A| Voc | are the changes in magnitude of Vop and Vgc, respectively, that occur when the input is changed from a 
high level to a low level. 

Sin EIA Standard RS-422-A, Voc. which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 
{Only one output at a time should be shorted and duration of the short-circuit should not exceed one second. 
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uA9638C 
DUAL HIGH-SPEED DIFFERENTIAL LINE DRIVER 


switching characteristics, Vcc = 5 V, Ta = 25°C 


t Differential-output delay time 
BD —_ CL = 15 pF, 


tTp _Differential-output transition time 


See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


INPUT ES 
= 502 


FIGURE 1. DIFFERENTIAL AND COMMON-MODE OUTPUT VOLTAGES 


Y 
a sae FOE iP D 


| 
DIFFERENTIAL | 
OUTPUT | 


Rx = 100 2 


GENERATOR 
(See Note A) 
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! 
Z OUTPUT 1 let trot ke 


; C, = 15 pF 
= “TS (See Note B) Y OUTPUT # 50% 50% 
bys VOL 
1 leskew — Skew- le 
| VOH 
Z OUTPUT 50% 50% . 
TEST CIRCUITS VOLTAGE WAVEFORMS 


NOTES: A. The input pulse generator has the following characteristics: ZgytT = 502, PRR < 500 kHz, ty = 100 ns, t, = < 5ns. 
B. C, includes probe and jig capacitance. 


FIGURE 2. SWITCHING TIMES 
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| uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 


D3009, OCTOBER 1986 


@ Meets EIA Standards RS-422-A and D, JG, OR P PACKAGE 
RS-423-A (TOP VIEW) 


Meets Federal Standards 1020 and 1030 
Operates from Single 5-V Power Supply 
Wide Common-Mode Voltage Range 


TTL-Compatible Outputs 
High-Speed Schottky Circuitry 


8-Pin Dual-In-Line and ‘’Small Outline’’ 
Packages 


& 
s 
. 
@ High Input Impedance 
@ 
& 
® 


@ Designed to be Interchangeable with 
Fairchild pA9639AC 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


description = ” 
IEC Publication 617-12. es 

The uA9639C is a dual differential line receiver ao = 
designed to meet EIA standards RS-422-A and logic diagram 7) 
RS-423-A and Federal Standards 1020 and (8) 2) 
1030. It utilizes Schottky circuitry and has TTL- 1IN+ Pe e 
compatible outputs. The inputs are compatible i) WOUF rs 
with either a single-ended or a differential-line a ® 
system. This device operates from a single 5-volt 2 
power supply and is supplied in an 8-pin dual-in- 2in+ <& O 
line package and ‘small outline’’ package. “8 Lees : 
The uA9639C is characterized for operation = 5 


from O°C to 70°C. 
schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc 


CURRENT 
SOURCE 


Copyright © 1986, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 

current as of publication date. Products conform to i 

spesit oo poo od yale of Texas Lange hovagseed EXAS 4-539 
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vA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


RE VENIBOG: VE EO NOLO: 4). 2.2 aoe ono 3 lees Pern oie lp) 0 Figs d See eR ead Oe acme ome -O.5Vto7V 
SRPEISE WOPEEREE ds. pace aca ecw ase eG th Ko ale die ENE, MERE Se tayo Mian peal paiehe Sameanean Ge abil eRaMeM gl osha s zis Vv 
SITI@rGliiel OU VONBOM ORG NOTE Shik os .-& va ocean Gus alot a ne eaecee th Bee ade oes mets, alae 4s gs +15 V 
nae eed Wierd tae Ge Ott ard fo a 8 ee ee ee A ad eee ap on ewe -0.5 V to 5.5 V 
LOVE VGl tT Ir Fr eS aby oe ne we aS SY SEL, FOS dad ee aah aes 50 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

EET so 0. Damon aay NCR 2 5c Bie | 21 Cee bh ates FoR Eesi SEK Ge nS nets see 725 mW 

SS WRC NROO. a 5 ode wh te Oe oe Oe PEO Be OOO eee 825 mW 

See oT Rte > at Ea IR ale ei eetget Sear ane cai ee EMER ST. ge ROR yen eS 1000 mW 
Operating free-air temperature rang@ ~ isc. ec is ek ee ee ee ew eee eee O°C10:76°C 
Stara TemiBOrOtire TANGO? on ATS gc o 5 os oo ooe onsen eee Se ee aa er —65°C:.to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 


NOTES: 1. All voltage values, except differential input voltage, are with respect to the network ground terminal. 
2. Differential input voltage is measured at the noninverting input with respect to the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C, the 
JG package to 528 mW at 70°C at the rate of 6.6 mW/°C, and the P package to 640 mW at 70°C at the rate of 8.0 mW/°C. 


recommended operating conditions 


ea Sa es eee eee, een rr ners RT 
Supply voltage, Vcc 4.75 5 5.25 
Common-mode input voltage, Vic +7 
Operating free-air temperature, Ta 0 


~ 
! 


electrical characteristics over recommended ranges of supply voltage, common-mode input voltage, 
and operating free-air temperature (unless othewise noted) 


PARAMETER 


PMFoai hs 02, 
VoH High-level output voltage Vip = 0.2 V, lo = -1 mA Zo. s 2: 
VoL Low-level output voltage Vip = -0.2V, lo = 20 mA ey ae eae 
I ieee 
los ~circul 
CC 


VT Threshold voltage (V7 4 and V7 _) 


w 
0) 
ro) 
Zz 
° 
ct 
© 
oO 
| 
oO 
p> 
oO 
ph 


Vec = 0to5.5V,|V); = 10V 
Input current mA 
See Note 6 Vv; = -10V - 1,6 —3.25 


| Supply current Vip = —-0.5 V, No load eee, Se ES 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
tOnly one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTES: 4. The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet 
for threshold levels only. 
5. The expanded threshold parameter is tested with a 500-0 resistor in series with each input. 
6. The input not under test is grounded. 


switching characteristics, VCC = 5 V, Ta = 0°C to 70°C 


PARAMETER TEST CONDITION 


tpLH Propagation delay time, low-to-high-level output . 
: - ; Ci = 30 pF, See Figure 1 
tpH_ Propagation delay time, high-to-low-level output 
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uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 


PARAMETER MEASUREMENT INFORMATION 


Vec+ . OUTPUT Vec+ 


INPUT 
(see Note B) 


—0.5V 


INPUT 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORM 


NOTES: A. Cy includes probe and jig capacitance. 
B. The input pulse is supplied by a generator having the following characteristics: tp < 5 ns, t; < 5 ns, PRR <= 5 MHz, 
duty cycle = 50%. 


FIGURE 1. TRANSITION TIMES 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE OUTPUT VOLTAGE 
vs vs 
DIFFERENTIAL INPUT VOLTAGE DIFFERENTIAL INPUT VOLTAGE 
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Vo—Output Voltage—V 
i) 
Vo—Output Voltage—V 
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My Rises Si SE A 
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Vip—Differential Input Voltage—mV Vip—Differential Input Voltage—mV 
FIGURE 2 | FIGURE 3 
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uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


VOH—High-Level Output Voltage—V 
VoL—Low-Level Output Voltage—V 
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FIGURE 6 
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uA9639C 
DUAL DIFFERENTIAL LINE RECEIVER 


TYPICAL APPLICATION DATA 


+5 V TWISTED PAIR +5 V 


1/2 uA9638AC 1/2 uA9639C 


1/2 uA9639C 


FIGURE 7. RS-422-A SYSTEM APPLICATIONS 
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Cross-Refarence Guide 
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Cross-Reference Guide 
Data Sheets 
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PERIPHERAL DRIVERS/ACTUATORS 
CROSS-REFERENCE GUIDE 


CROSS-REFERENCE GUIDE 
(manfacturers arranged alphabetically) 


Replacements were based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the 
use thereof. No liability is assumed for damages resulting from the use of the information contained in this list. 


SUGGESTED PAGE SUGGESTED PAGE 
Se Tl REPLACEMENT NO. seis parle Tl REPLACEMENT NO. 
yA75451 SN75451B 5-81 ps3611 SN75471 5-109 
wA75452 SN75452B 5-81 DS3612 SN75472 5-109 
yA75453 SN75453B 5-81 DS3613 SN75473 5-109 
saa vr a DS3658 SN75437A 5-63 
yA75461 SN75461 5-93 
Shak svciee pe Ds3668 SN75435 5-57 
Mc1412 ULN2002A 5-173 Sensis cenleuay one 
MC1413 ULN2003A 5-173 DS3680 DS3680 5-5 
yA3680 DS36805-173 DS75361 SN75372 5-33 
pA9665 ULN2001A 5-173 ee eee in 5 
pAQ666 ULN2002A 5-173 DS75451 SN75451B 5-81 
wA9667 ULN2003A 5-173 DS75452 SN75452B 5-81 
pAQ668 ULN2004A 5-173 DS75453 SN75453B 5-81 
DS75454 SN75454B 5-81 ” 
MOTOROLA a — DS75461 SN75461 5-93 2 
Ti REPLACEMENT NO. o 
DS75462 SN75462 5-93 
Mc1411 ULN2001A 5-173 ne ataia a mias ae 2 
MC1412 ULN2002A 5-173 o 
MC1413 ULN2003A 5-173 LM3611 SN75471 5-109 
MC1413T SN75468 5-101 LM3612 SN75472 5109 
MC1416 ULN2004A 5-173 LM3613 SN75473 5-109 
MC1471 SN75476 5-117 LM75453 SN75453B 5-81 > 
MC1473 SN75478 5-117 = 
Mc1474 SN75479 5-117 FR SUGGESTED PAGE i) 
SN75451B SN75451B 5-81 pe dievanpanad ae o 
PBD352301 ULN2001A 5-173 
SN75452B SN75452B 5-81 ® 
PBD352302 ULN2004A 5-173 
pahilagy oe rar ana — PBD352303 ULN2003A 5-173 = 
sa : PBD352304 ULN2002A 5-173 5 
euccs pene ae PBD352311 SN75466 5-101 oO 
PBD352312 SN75469 5-101 
ULN2001 ULN2001A 5-173 PBD352313 SN75468 5-101 
ULN2002 ULN2002A 5-173 PBD352314 SN75467 5-101 
ULN2003 ULN2003A 5-173 
UC3717 PBL3717A 5-19 
ULN2004 ULN2004A 5-173 
ULN2064 ULN2064 5-181 
ULN2065 ULN2065 5-181 
ULN2066 ULN2066 5-181 
ULN2067 ULN2067 5-181 
ULN2068 ULN2068 5-187 
ULN2069 ULN2069 5-187 
ULN2074 ULN2074 5-193 
ULN2075 ULN2075 5-193 
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PERIPHERAL DRIVERS|ACTUATORS 
CROSS-REFERENCE GUIDE 


AR SSIES SORE AR PAE SBE SOS ABS BP PNET ENT IAS NE CELEB I NE TN OT i SRS NT AE PO ET 
SUGGESTED 
Tl REPLACEMENT 


SGS-ATES 


L293 
L293 
L293D 
L293D 
L298 


L201 
L202 
L203 
L204 


ULN2001 
ULN2002 
ULN2003 
ULN2004 


ULN2064 
ULN2065 
ULN2066 
ULN2067 
ULN2068 
ULN2069 


ULN2074 
ULN2075 


PBL3717A 


SILICON 
GENERAL 
$G2001 
$G2002 
$G2003 
$G2004 


SG2022 
$G2023 
$G2024 


$G75451 
SG75452 
$G75453 
SG75454 


SG75461 
$G75462 
SG75463 


$G75473 


L293 


SN754411* 


L293D 


SN754410* 


L298 


ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 


ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 


ULN2064 
ULN2065 
ULN2066 
ULN2067 
ULN2068 
ULN2069 


ULN2074 
ULN2075 


PBL3717A 


SUGGESTED 
Ti REPLACEMENT 


ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 


SN75467 
SN75468 
SN75469 


SN75451B 
SN75452B 
SN75453B 
SN75454B 


SN75461 
SN75462 
SN75463 


SN75473 


PAGE 

es SPRAGUE 
5-9 UDM-5732 
5-159 UDN-2541 
5-13 UDN-2841 
5-153 UDN-2845 
5-19 UDN-2949 
5-173 UDN-2950 
5-173 UDN-3611 
5-173 UDN-3612 
5-173 UDN-3613 
5-173 UDN-5711 
5-173 UDN-5713 
5-173 UDN-5714 
5-173 UDN-5722 
5-181 ULN-2001 
5-181 ULN-2002 
5-181 ULN-2003 
5-181 ULN-2004 
5-187 ULN-2005 
oe ULN-2021 
5-193 ULN-2022 
5-193 ULN-2023 

ULN-2024 

5-19 ULN-2025 
PAGE ULN-2064 

NO. ULN-2065 
5-173 ULN-2066 
5-173 ULN-2067 
5-173 ULN-2068 
5-173 ULN-2069 
5-101 ULN-2074 
5-101 ULN-2075 
5-101 
ae UNITRODE 
5-81 L293 
5-81 
ek L293 
Be L293D 
5-93 L293D 
5-93 L298 
5-109 PBL3717A 


“Consult product data sheet for possible slight product differences. 
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SUGGESTED 
Tl REPLACEMENT 
SN75407* 
SN75437A 
UDN2841 
UDN2845 


SN75605* 
SN75605* 
SN75471 
SN75472 
SN75473 


SN75476 
SN75478 
SN75479 
SN75477 


ULN2001A 
ULN2002A 
ULN2003A 
ULN2004A 
ULN2005A 


SN75266 
SN75267 
SN75268 
SN75269 
SN75265 


ULN2064 
ULN2065 
ULN2066 
ULN2067 
ULN2068 
ULN2069 


ULN2074 
ULN2075 


SUGGESTED 
Ti REPLACEMENT 
L293 


SN754411* 
L293D 
SN754410* 
L298 
PBL3717A 


| DS3680 
QUAD TELEPHONE RELAY DRIVER 


D2758, MARCH 1986 


@ Designed for —52-V Battery Operation D, J OR N PACKAGE 
ee TOP VIEW) 
@ 50-mA Output Current Capability ~ 
IN+ LJ1 14] ] BAT GND 
@ Input Compatible with TTL and CMOS AMPL #1 In— C2 131] OUTPUT AMPL #1 
@ High Common-Mode Input Voltage Range AMPL #2 IN—{L}3 = 12|. ] OUTPUT AMPL #2 
ev L Cc IN+ L]4 11{}] OUTPUT AMPL #3 
SE SOW: Ops Surrent IN¢+ [15 10[] OUTPUT AMPL #4 
; : AMPL #3 
@ Fail-Safe Disconnect Feature IN— L]6 91] BAT NEG 
AMPL #4 IN— |]? 8} IN+ AMPL #4 
@ Built-in Output Clamp Diode 7 : 
@ Direct Replacement for National DS3680 
and Fairchild »A3680 
description 


The DS3680 telephone relay driver is a monolithic integrated circuit designed to interface —48-volt relay 
systems to TTL or other systems in telephone applications. It is capable of sourcing up to 50 milliamperes 
from standard — 52-volt battery power. To reduce the effects of noise and IR drop between logic ground 
and battery ground, these drivers are designed to operate with a common-mode input range of + 20 volts 
referenced to battery ground. The common-mode input voltages for the four drivers can be different, so 
a wide range of input elements can be accommodated. The high-impedance inputs are compatible with 
positive TTL and CMOS levels or negative logic levels. A clamp network is included in the driver outputs 
to limit high-voltage transients generated by the relay coil during switching. The complementary inputs 
ensure that the driver output will be ‘‘off’’ as a fail-safe condition when either output is open. 


The DS3680 is characterized for operation from —25°C to 85°C. 


_ 


symbol (each driver) schematic diagram (each driver) 
BATTERY GROUND ee BAT GND 


NONINVERTING 


Peripheral Drivers/Actuators 


INPUT IN+ 
OUTPUT IN — 
INVERTING 
INPUT IN— 
BATTERY NEGATIVE 
OUTPUT 
BAT NEG 
PRODUCTION DATA documents contain information F Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i} 
specifications per the terms of Texas Instruments TEXAS 
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DS3680 
QUAD TELEPHONE RELAY DRIVER | 


ERRATA LD Re ERG ne SOE SE RES BATS WE RRB RS AAR TER rt eT EEE 5 ES RA ERE GSS 1 ARES ScmensS e  2 ie BG SP Re TE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage rande-at BAT NEG, Vea . a En ee ee oe ee -7OVto 0.5 V 
biputvotade ‘wit tespoect-t0 Baul GND «oo oss oi ss Aine es eee be ee -70V to 20 V 
haute volsce win respect io GAT NEG ... 2s. SiS i ee ees sale ee —-0.5 V to 70 V 
Oifterentia: inputvoitane:-vif- (see Note. 2)... ES Be SS Sree a +20 V 
PreEiT CUNT ive? eI AIRED (UE SS teas ta Ak ez in, ee won ad ey Ride bee eee ee es -100 mA 
noes eed 1 1s Ried RAR SRSIAE pS aR Mest > aN PMR, yn Se enue EN Acie yee —-50 mA 
TUG HIV S. OUTIOR BOO 5 is oe ese ws onsen eae RE a te ee ER ER a ee cde 5 H 
. Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
EX OMGRENES oor Se cos Ce Pe a ae eles y eee es 900 mW 
PROMO oe ee SSeS ee ile Rn Ed ER AD Aa a ke 1025 mW 
IN BCR MOB is Sthia sib see ey non 28 PLE BOR ee OU ees ase a 1650 mW 
Deerartind. tee-ale teminerature: (ange > 2. rea ee eee a rs ae Slee —~25°C to 85°C 
Storage temperature range .......... SE ges GbE oe, NIGEL ee wean Bee eee ake -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 300 °C 
Pe RE oe toy es 260°C 


NOTES: 1. All voltages are with respect to the BAT GND terminal, unless otherwise specified. 
2. Differential input voltages are at the noninverting input terminal IN+ with respect to the inverting input terminal IN—. 
3. For operation above 25 °C free-air temperature, derate linearly at the rate of 7.2 mW/°C for the D package, 8.2 mW/°C for 
the J package, and 13.2 mW/°C for the N package. 


5 


recommended operating conditions 


High-level differential input voltage, VipyH 
Low-level differential input voltage, Vip. —2 
Operating free-air temperature, Ta 


tThe algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for input voltage 
levels. 


electrical characteristics over recommended operating free-air temperature range, VB— = —52 V 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
: ; Vip =2V 40 100 
NH High-level input current (into IN +) pA 
Vip =7V 375 1000 


i Vip = 0.4 V 0.01 5 
Hie Low-level input current (into IN +) pA 
Vip = -7V =te=100 


VO(on) On-state output voltage lo = 50 mA, Vip =2V —-1.6 -2.1 


| Off-state output current Vo = V od? Baca died = A 
Otot eas =2 = 100_| * 
ig Samp dodo verse cunt z 100 


9 =0 
Io = 50 mA 

De.) Haut ome deiass 
lo = -50 mA, Vp— = 0 


S10}ENIDy/SIBAUG jesoYudUeY 


IB(on) On-state battery current All drivers on 
IB(off). Off-state battery current All drivers off 


tall typical values are at Ta = 25°C. 
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DS3680 
QUAD TELEPHONE RELAY DRIVER 


switching characteristics VB— = -—52 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Vip = SV pulse, RL = 1 KO, 
toff Turn-off time L=1H, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


BAT GND 


V 
lag —52V f —-52 V 


FIGURE 1. GENERALIZED TEST CIRCUIT, EACH DRIVER 


INPUT 


BAT NEG 


—52V 


TEST CIRCUIT 


Peripheral Drivers/Actuators is 


UPRIT:: Sag Mees sien ack oben ine ty pete ae 


! OV 
| | 
I*— ton + toff 
| | 
| ee ee > Votan) 
OUTPUT _25 V _25V 
= —52V 


VOLTAGE WAVEFORMS 


FIGURE 2. SWITCHING CHARACTERISTICS, EACH DRIVER 
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DS3680 
QUAD TELEPHONE RELAY DRIVER 


TYPICAL APPLICATION DATA 


52 V BATTERY 


CONTROL 
SIGNAL 
SOURCE 


ATT ANTS 


K1 THRU K4 
50-V RELAY COILS — 50 mA MAX 


BAT GND 


FIGURE 3. RELAY DRIVER 
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ADVANCE : L293 
INFORMATION QUADRUPLE HALF-H DRIVER 


D2942, SEPTEMBER 1986 


NE DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1-A Output Current Capability per Channel 


@ Wide Supply Voltage Range: 
4.5 V to 36 V 1,2EN[J1 Orel Vec1 
1A (J2 
@ Separate Input-Logic Supply 
@ Thermal Shutdown HEATSINK AND 
GROUND 
@ Internal ESD Protection 2Y [16 
@ High-Noise-Immunity Inputs 2A (7 
@ Designed to be Interchangeable with 


SGS L293 
FUNCTION TABLE 


(EACH CHANNEL) 


oar PUTS | OUTPUT 


H 
L 
Z 


description 


The L293 is a quadruple high-current half-H 
driver designed to provide bidirectional drive 
currents of up to one ampere at voltages from 
4.5 volts to 36 volts. It is designed to drive 


Sm ADVANCE INFORMATION 


H = high-level 
inductive loads such as relays, solenoids, dc and L = lowclaunt 
stepping motors, as well as other high- X = irrelevant 
current/high-voltage loads in positive-supply Z = high-impedance (off) 
applications. 


All inputs are TTL-compatible. Each output is a complete totem-pole drive circuit with a Darlington transistor 
sink and a psuedo-Darlington source. Channels are enabled in pairs with channels 1 and 2 enabled by 1,2EN 
and channels 3 and 4 enabled by 3,4EN. When an enable input is high, the associated channels are enabled 
and their outputs are active and in phase with their inputs. When the enable input is low, those channels 
are disabled and their outputs are off and in a high-impedance state. With the proper data inputs, each 
pair of drivers form a full-H (or bridge) reversible drive suitable for solenoid or motor applications. 


External high-speed output clamp diodes should be used for inductive transient suppression. A VCC 1 
terminal , separate from VCC2, is provided for the logic inputs to minimize device power dissipation. 


The L293 is designed for operation from O°C to 70°C. 


logic symbolt logic diagram 


” 
ere 
fe) 
ond 
© 
| 
= 
o 

< 

— 
” 
he 
® 

2 
fen 

a 

i) 
bn 
® 

a 

7 
thee 
® 

a. 
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1A 


1,2EN 


2A 


3A 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 3,4EN 


Sy 


ADVANCE INFORMATION documents contain m. Copyright © 1986, Texas Instruments Incorporated 
information on new products in the sampling or 4 
preproduction phase of development. Ch aractortstic TEXAS 


data and other specifications are subject to change 
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L293 | | ADVANCE 
QUADRUPLE HALF-H DRIVER INFORMATION 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vec2 


Vcc1 


CURRENT 
SOURCE 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Lome supoly Vomacne. vert (S00 NOW) 146 6. sk Stes Sees eee eee Fak Co a ee hee ks 36 V 
i SUN MEINERS SMES 6 aya ters Sg a gids a) EERE SUES ai eae es aged eee eas 36 V 
EERE ET PON i Siri Gc 018 cy San se RCE Sy ein te AL Ap eR TS a Lo ais A a AE 7V 
CURRIE WORROD TANGO’ 66 og 4255s oa i Fo a AE UR OIE ck ts Meee -3 V to Vcc2+3 V 
Peak output current-(nonrepetitive, ts. 5 Ms)... ii i he ee les Swale dg eer. +2A 
LUE ANSE ORMININE 3 2, ces Alara Ge 24 oe eae a faba a OS He eh Vis ld eeesa +1A 
Continuous total dissipation at (or below) 25°C free-air temperature 

Le NE IN OR asia s5 ceeds ho ce Bra Sea te we leas ot aS ban ae de Howie cea 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 3) ........ 7375 mW 
Continuous total dissipation at 80°C case temperature (see Note 3)................. 4130 mW 
Operating case or virtual junction temperature range ................22000: — 40°C to 150°C 
ROMO TUTOR OD TRIOS oi. oe sa A cca oie 63 pre SR ATS ete eee he Benes —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...............-222e005 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. 
3. For operation above 25°C case temperature, derate linearly at the rate of 59 mW/°C. Due to variations in individual device 
electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels 
slightly above or below the rated dissipation. 


recommended operating conditions 


EES se eee Sn eer ee Meena OA ET gS 
Logic supply voltage, Vcc} , 7 
Output supply voltage, Vcc2 Vec1 36 


Woo1 s 7 V¥ 
High-level input voltage, Vip 


Vec1 =7V 


Operating free-air temperature, Ta 


tThe algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels. 
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ADVANCE L293 
INFORMATION QUADRUPLE HALF-H DRIVER 


electrical characteristics, VCcCc1 = 5 V, Vcc2 = 24 V, Ta = 25°C 


[Woe low-level output volage | igh =A = pT 
: ) ; a | 
iH High-level input current Vi=7V pA 
iiitiurmeninos | none ces cress? women soe 
Icc1 Logie supply current [Alroutputs atlow level «| —SSSCSCS~S~S~O sm 
[All outputs at high impedance | SSC 
Icc2 Output supply current Fall outputs at low level ——*«| —SC~SCS Sm 
[A outputs at high impedence | A 


switching characteristics, Vcc1 = 5 V, Vcc2 = 24 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN. TYP MAX | UNIT 


tpLH Propagation delay time, low-to-high-level output from A input 800 ase 


tpHL Propagation delay time, high-to-low-level output from A input Cy = 30 pF, Pp I on = 


tTLH ‘Transition time, low-to-high-level output See Figure 1 See. See SS: 
tTHL Transition time, high-to-low-level output Bae) Se SS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 5V 24V t j 
le f i Be 
| 


3V 
PULSE Vec1 Vcoc2 
GENERATOR INPUT 1.5 V 1.5V 
(See Note A) 
OUTPUT —|———— —0 
a 
Cy = 30 pF | 
(See Note B) : 
| | 
= = \¢—+ tPHL }¢—+ tPLH 
| VOH 
TEST CIRCUIT | 90% 
OUTPUT : 
l | 
pecs ca”. 


leo} tTHL aa tTLH 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: tt < 10 ns, ts; < 10 ns, tw = 10 us, PRR = 5 kHz, Zoyt = 50 2. 
B. C; includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES 
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Peripheral Drivers/Actuators 
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ADVANCE 


293 
QUADRUPLE HALF-H DRIVER | INFORMATION 


$10}EN}OY /SIBAUG jesoydued son NOILVINYOSNI SONVAGV 


TYPICAL APPLICATION DATA 


5V 24 V 


10 ko Vcc1 — 


a : off af 


ALL DIODES: 1N4935 


CONTROL A 


(4,5,12,13) 


FIGURE 2. TWO-PHASE MOTOR DRIVER 
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ADVANCE L293D 
INFORMATION QUADRUPLE HALF-H DRIVER 


D2942, SEPTEMBER 1986 


The L293D is a quadruple high-current half-H 
driver designed to provide bidirectional drive 


600-mA Output Current Capability per NE DUAL-IN-LINE PACKAGE a 
Channel (TOP VIEW) oO 
@ Output Clamp Diodes for Inductive Transient 1,2EN (41 Orel) Vcct rae 
Suppression 1A T]2 15|] 4A ms 
@ Wide Supply Voltage Range: De > A => 
4.5 V to 36 V HEATSINK AND HEATSINK AND 
; GROUND GROUND cc 
@ Separate Input-Logic Supply 2Y [16 111] 3Y © 
2A([]7 10{[] 3A 

ie 
Thermal Shutdown Voretis of] 3,4EN = 
® Internal ESD Protection Lu 
@ High-Noise-lmmunity Inputs FUNCTION TABLE © 
, : (EACH CHANNEL) 2 
@ Designed to be Interchangeable with 
SGS L293D ~< & 
[AEN] OY > 
description H =H H Q 
: 6 

Z 


currents of up to 600 milliamperes at voltages H = high-level 

from 4.5 volts to 36 volts. It is designed to drive we ie precy 5 
inductive loads such as relays, solenoids, dc and beans hc caatssi 

inauc ys, , Z = high-impedance (off) 


stepping motors, as well as other high- 
current/high-voltage loads in positive-supply 
applications. 


All inputs are TTL-compatible. Each output is a complete totem-pole drive circuit with a Darlington transistor 
sink and a psuedo-Darlington source. Channels are enabled in pairs with channels 1 and 2 enabled by 1,2EN 
and channels 3 and 4 enabled by 3,4EN. When an enable input is high,the associated channels are enabled 
and their outputs are active and in phase with their inputs. When the enable input is low, those channels 
are disabled and their outputs are off and in a high-impedance state. With the proper data inputs, each 
pair of drivers form a full-H (or bridge) reversible drive suitable for solenoid or motor applications. 


A Vcc1 terminal, separate from VCC2, is provided for the logic inputs to minimize device power dissipation. 
The L293D is designed for operation from O°C to 70°C. 


logic symbolT logic diagram 


Peripheral Drivers/Actuators 


1A 


1,2EN 


2A 


3A 


tT This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 3,4EN 


4A 


ADVANCE INFORMATION documents contain . Copyright © 1986, Texas Instruments Incorporated 
information on new Erecects in the sampling or I 
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L293D ADVANCE 
QUADRUPLE HALF-H DRIVER INFORMATION 


DDE REE A ARTES Ne SEES ESAT EN OG SS SRS SR, SRL ARETE RTs eS De EZ EES Tie NE ESS SN REE at “1 ANA 2a Ld al Ee RR 
schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


NOILVINYOANI AONVAGV 


Pate Vcc2 
Vcc1 
CURRENT 
SOURCE 
OUTPUT 
—_—-— GND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


3 


Log sunply -voneae, Vet 7. (see Note 4) i4<.. <... edopi wos Ge ae ones | th Sree ee 36 V 
o Datbut supply votene Vier: 6 be we oes ear ee Ee he a es ie is Peas 36 V 
=. Bibi Che MCRAE oie hese RS eas, sata oa MC /a Sie Saal RVG we SLE ES RS Se ate eae ek Pad ea Ya 
= I oe Ee Sean ge Ree eee Bate ee A eee ROLE Oe Chee eee aM Wereey rae —3 V to Vec2+3 V 
@o Peden Otupur Cotions (wonreperntive,-t 100 8) eo as eer a sg eee bene dd poe ee ae wl co ee ae | 
Pa} Gries Tan COMITIIO gc a we Sethe wa eS cara Ele Rw eh sae ee +600 mA 
“il Continuous total dissipation at (or below) 25°C free-air temperature 
= ee CINNNS ae PINE dee eg ey 8 inte “Ke aS hg A ee ais A at VR Be 2075 mW 
< Continuous total dissipation at (or below) 25°C case temperature (see Note 3) ........ 7375 mW 
® Continuous total dissipation at 80°C case temperature (see Note 3)................. 4130 mW 
al Operating case or virtual junction temperature range ................00000- —- 40°C to 150°C 
dD Pear aeeey “UCMRUU DASE MAREN C SURUB ORNs eget Foca ns ah os Ge a ee we ee es a ww bee -65°C to 150°C 
o Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................20.. 260°C 
4 NOTES: 1. All voltage values are with respect to the network ground terminal. 
° 2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. 
” 3. For operation above 25°C case temperature, derate linearly at the rate of 59 mW/°C. Due to variations in individual device 


electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels 
slightly above or below the rated dissipation. 


recommended operating conditions 


Vcc1 = 7 


High-level input voltage, Vip 


Operating free-air temperature, Ta 1@) 


T The algebraic convention, in which the least positive (most negative) limit is designated minimum, is used in this data sheet for logic 
voltage levels. 
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ADVANCE | L293D 
INFORMATION QUADRUPLE HALF-H DRIVER 


electrical characteristics, VCC1 = 5 V, Vcc2 = 24 V, Ta = 25°C 


TEST CONDITIONS 
(ox = 0-6 A 


A 0.2 100 
WH High-level input current ERR Viz 7V pA 
care 0.2 +10 
A 


lcc1 Logic supply current 


All outputs at low level fo fC ee 
All outputs at high impedance 


All outputs at high level 
mA 


Output supply current 


Icc2 


PARAMETER 
tpLH Propagation delay time, low-to-high-level output from A input 


Ci = 30 pF, 
See Figure 1 


tpH_ Propagation delay time, high-to-low-level output from A input 


tTLH Transition time, low-to-high-level output 
tTHL ‘Transition time, high-to-low-level output 


PARAMETER MEASUREMENT INFORMATION 


INPUT 5V 24V | 
eps > 
| 


Vec1 Vcc2 


3V 


PULSE 
GENERATOR 
(See Note A) 


INPUT 


TEST CIRCUIT 


OUTPUT 


| ges ess 
feo} tru et tT 
VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: tt < 10 ns, tr < 10 ns, ty = 10 ws, PRR = 5 kHz, Zoyt = 502. 
B. Cy includes probe and jig capacitance. : 


FIGURE 1. SWITCHING TIMES 


ADVANCE INFORMATION 


Ol 
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ADVANCE 


QUADRUPLE HALF-H DRIVER INFORMATION 


TYPICAL APPLICATION DATA 
(8)| L293D 
Vcc1 p “ec2 
Vv 
ort 


CONTROL A 


CONTROL B 


FIGURE 2. TWO-PHASE MOTOR DRIVER 
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PRODUCT L298 
PREVIEW DUAL FULL-H DRIVER 


D2942, OCTOBER 1986 


2 A Per Channel Output Capability KV PACKAGE 
(TOP VIEW) 
@ Wide Range of Output Supply 
Voltage ...5 V to 46 V ee SRR 
/ 
. BR SUS: 
@ Separate Input-Logic Supply Voltage oF Fie 
@ Thermal Shutdown ne 
ere he o> 
@ Internal Electrostatic Discharge Protection emmenmcmasas 
OE DAENER BREE 'G, 
@ High Noise Immunity (+) Sate sete Ne 
® Direct Replacement for SGS L298 ees a 
sofa 83 SURES 
inti Bune 
description vec? 
The L298 is a dual high-current full-H driver /_ Bes 
designed to provide bidirectional drive currents 
of up to two amperes at voltages from 5 volts co 


to 46 volts. It is designed to drive inductive loads 
such as relays, solenoids, dc motors, stepping 
motors, and other high-current or high-voltage 
loads in positive-supply applications. All inputs 
are TTL compatible. Each output (Y) is a 


The tab is electrically connected to pin 8. 


logic symbolt 


complete totem-pole drive with a Darlington 1¥1 
transistor sink and a psuedo-Darlington source. 

Each full-H driver is enabled separately. Outputs 1E 
1¥1 and 1Y2 are enabled by 1EN and outputs 

2Y1 and 2Y2 are enabled by 2EN. When an EN 1¥2 
input is high, the associated channels are active. 

When an EN input is low, the associated 2Y1 
channels are off (i.e., in the high-impedance 

state). 2E 
Each half of the device forms a full-H reversible par 


driver suitable for solenoid or motor applications. 
The current in each full-H driver can be 
monitored by connecting a resistor between the 
sense output terminal 1E and ground and another 
resistor between sense output terminal 2E and 
ground. 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


External high-speed output-clamp diodes should 
be used for inductive transient suppression. To 
minimize device power dissipation, a VCcc1 
supply voltage, separate from VCC2, is provided 
for the logic inputs. 


PRODUCT PREVIEW 


a 


Peripheral Drivers/Actuators | 


PRODUCT PREVIEW documents contain information - 
on products in the formative or design phase of | 
epeeneens. age ng or os Lewe = win TEXAS 
specifications are design goals. Texas Instrumen 

fone the right to change or discontinue these INST RUM ENTS 


products without notice. POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


MaIAaud LONaOwd 


< 
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L298 . PRODUCT 
DUAL FULL-H DRIVER PREVIEW 
logic diagram (positive logic) 

1¥1 1¥2 Vcec2 2Y1 22 


2A2 


2A1 


2EN 


| (8) | (15) 
1E GND 2E 


absolute maximum ratings over operating temperature (unless otherwise noted) 


Léaic supply volttage,- Vcr1, (see-Notestl..5: .. 2 RUD Oe SSR Ee Re aa 7V 
CMU SUDDIS WOOO VEO Soy cae ioe sa es Boke ee vw a ee SN ea eh ce aa 50 V 
Pipa WIR Ph re vn cy ow ae lee La eee EERE era eee Peed a ee ee ie ne aoe abe NG ey 
Sieccer Oat 11 ane ee VONAGS FS io de Ks es =1 to 2.3 V 
Peak output current (norfepstitive, ty; = 0.1 ms) 5a. ee ae eS A RAG +3 A 

(repetitive, ty <= 10 ms, duty cycle < 80%).................... +2.5A 
COMRUIOLIS OUTDEE ClrTaire i «5 5s “hated te wo soak wee a Se eee nat een Peers we ey Hee +2 A 
Continuous total power dissipation at 75°C case temperature (see Note 2)......./........ 25 W 
Operating case or virtual junction temperature range .................22008.4 —- 40°C to 150°C 
piorace termipermture Tange. ‘05> Ak oo OO OR Sa NR ae —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds................... 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. The absolute maximum power dissipation ratings are design goals. For further information contact the factory. 


recommended operating conditions 


eR Ce ee ooh 


TThe algebraic convention, in which the least positive (most negative designated minimum), is used in this data sheet for logic voltage levels. 
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PRODUCT PBL3717A 


PREVIEW STEPPER MOTOR DRIVER 
D2985, FEBRUARY 1987 
@ Three Operating Modes... Full Step, Half NE PACKAGE 
Step, and Quarter Step (TOP VIEW) 


@ Both Digital and Analog Control! of Output 
Current 


@ 1-Ampere Bidirectional Output Current 
Capability 


Chop-Mode Current Regulation 


Wide Output Supply Voltage 
Range ...10V to 46 V 


Separate Input-Logic Supply 


FUNCTION TABLE 


LOGIC INPUTS OUTPUTS 


Thermal Shutdown Protection 


PRODUCT PREVIEW 


[DIR| 11 tO] va v2 | LEVEL 


? 
i, Sik Ree fee 


TA 
H L : Low Current 
xe Wit a ees 


Output Clamp Diodes for Inductive Transient 
Protection 


Internal ESD Protection 
Direct Replacement for SGS PBL3717A 


description 


The PBL3717A is a high-current, high-voltage 
full-H reversible driver designed to control and 
drive one phase of a bipolar stepper motor. It is 
designed to provide bidirectional drive currents 
of up to one ampere at voltages from 10 volts to 46 volts in positive-supply applications. Two PBL3717A 
devices, with a few external components, form a complete two-phase bipolar stepper motor driver. All 
inputs are TTL-compatible. Each output (Y) forms a complete totem-pole drive with a Darlington transistor 
sink and a psuedo-Darlington source. Logic input pin DIR selects the direction of current flow in a load 
connected between outputs Y1 and Y2. A high level at the DIR input causes the load current to flow from 
output Y1 (source) to output Y2 (sink). A low level at the DIR input causes the load current to flow from 
output Y2 (source) to output Y1 (sink). When logic inputs 10 and |1 are both high, the Y1 and Y2 outputs 
are disabled and in the high-impedance state. 


D 


The current in the full-H driver load can be monitored by connecting a resistor between the sense output 
terminal E and ground. Voltage feedback from terminal E to the COMP input pin provides output current 
regulation via chop-mode operation of the sink output transistors. Three levels of output current can be 
selected by programming two logic inputs, 10 and 11, as shown in the function table. These inputs are 
internally decoded to enable one of three comparators to set the output current level to low, medium, 
or high. The precise level of output current is set by the comparator selected, the comparator reference 
voltage applied to the REF pin, the value of the sense resistor, and the sense output voltage fed back to 
the COMP input. When chop-mode current regulation is used, an internal monostable circuit, programmed 
by an external RC network at the RC pin, sets the current decay time. 


Peripheral Drivers/Actuators 


The device contains built-in high-speed output clamp diodes for inductive transient protection. A separate 
supply voltage (VCC¢:1) is provided for the logic input circuits to minimize device power dissipation. Supply 
voltage VCC2 is used for the output circuits. Both VCC2 supply pins should be connected together as 
close to the package as possible. 


The PBL3717A is characterized for operation from O°C to 70°C. 


PRODUCT PREVIEW documents contain information Copyright © 1987, Texas Instruments Incorporated 


on products in the formative or design phase of Texas WP 
10 I ; rat eristic ata an other 
specifications are design goals. Texas Instruments INSTRUMENTS ie 


products without notice. 
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


PBL3717A PRODUCT 
STEPPER MOTOR DRIVER PREVIEW 


logic diagram (position logic) 


(15) 


MalAsd¥d LONGOYd 


5 


(4,5,12,13) (2) (16) 
RC E 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


$1i0}en}oy/SisAUG jessyudusd 


Output suppiy-voltade, VCC>: (see Notes. Pand! 2) Cas wis oe SE Nn ae 50 V 
eT Ee a) 2 few gas a Cos bie pcg neon cy aes A OCR RE Rr pt ROS mrs .eMET wea) Se 1 tim EPer yr as 7 
PCPEN US TRRCNEEE FNP at es Sc 2h RAISES ew BA OD elm ol a er ne wee aura fo tab? Memeo o Seta oe w fag Das 6V 
COR MIBTACON IGRI VOD << evs 5 dine Won iain See RE Bt a ee ee VCC1 
ETS 0 ERS ee ag, | DEO GET aM Ae REM ROING SO a He et ren rt, eae Pee Re 15 V 
CNN Et CaLiR I SR! Fg Se ks gene a nad gunk ai eg Sk eh a acer wt oie on al aan rE +1.2A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3)....... 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 3) ........ 7375 mW 
Operating case or virtual junction temperature... ........ 0.0 eee ee ee es °C 26-150°C 
eR Te Ie See ae ame (NP a ae ae eas RC Ie ram PS emer a aan yt ~ 65°C to. T50°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds................... 260°C 


NOTES: 1. All voltage values are with respect to the GND terminal. 
2. Both Vcc2 pins must be connected together as close to the package as possible for optimum testing and operation of the device. 
3. For operation above 25°C free-air temperature; derate linearly at the rate of 16.6 mW/°C. For operation above 25°C case 
temperature, derate linearly at the rate of 59 mW/°C. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 
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PRODUCT PBL3717A 
PREVIEW STEPER MOTOR DRIVER 


recommended operating conditions 


A ee ee ee erg ee ee] 
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Cienemiet, ee ee 
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Bf oe la 
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eae Tele eee, « c 
Fetes eet 


ay 


. 


. 


; 
of 
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= 
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eae 
* 
Ay 


Output Collector Current... 1.5 A Max 


2-W Dissipation Rating 

High Output Voltage Capability 

Outputs Diode-Clamped for Inductive Loads 
Common-Emitter Circuit for Current Sink 


SN75064 and SN75065 Have TTL- 
Compatible Inputs 


@® SN75066 and SN75067 Have CMOS- and 
PMOS-Compatible Inputs 


@ Functionally Interchangeable with ULN2064 
thru ULN2067, Respectively 


description 


The SN75064, SN75065, SN75066, and 
SN75067 are monolithic high-voltage, high- 
current Darlington transistor switches. Each 
comprises four n-p-n Darlington pairs. All units 
feature high-voltage outputs with common- 
cathode clamp diodes for switching inductive 
loads. Outputs and inputs may each be paralleled 
for higher current capability. Applications include 
relay drivers, hammer drivers, lamp drivers, 
display drivers (LED and gas discharge), line 
drivers, and logic buffers. These common- 
emitter circuits are designed to operate as 
current sinks to the load. 


The SN75064 and SN75065 are intended for 
use with TTL and 5-volt MOS logic. The 
SN75066 and SN75067 are intended for use 
with PMOS and higher voltage CMOS logic. 


The SN75064 thru SN75067 are characterized 
for operation from O°C to 70°C. 


logic symbolt 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN75064, SN75065, SN75066, SN75067 


QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


D2620, FEBRUARY 1981—REVISED SEPTEMBER 1986 


NE 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


E, SUBSTRATE, 
AND HEATSINK 


E, SUBSTRATE, 
AND HEATSINK 


NC—No internal connection 


schematic (each Darlington pair) 


2 


CLAMP 
OUTPUT C 
Rin 
INPUT B 
7.2 kQ NOM 
3 k2 NOM 
E 


SN75064, SN75065: Ri, = 3500 NOM 
SN75066, SN75067: Ri, = 3k? NOM 


logic diagram 


CLAMP 


Peripheral Drivers/Actuators 
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SN75064, SN75065, SN75066, SN75067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


absolute maximum ratings at 25°C free-air temperature for each switch (unless otherwise noted) 


Beas a FS Sra |S: «Ee a 

Pepewinnberon cons [te | eee ee 

[Peak collector current (see Figures 12, 13,and va) | 8 [8 | 8 | 8 | A 

Total sera! dissipation at (or below) 25°C 2075 2075 2075 2075 
free-air temperature (see Note 2) 

Operating free-air temperature range 

Storage temperature range /=S5 te 150 | —B5t0 150 | 5510150 | -s5t0 150 | °C 


Lead temperature 1,6 mm (1/16 inch) 
260 260 260 260 Cc 
from the case for 10 seconds 
NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate to 1328 mW at 70°C at the rate of 16.6 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST | SN75064 | SN75065 | SN75066 | SN75067 
PARAMETER TEST CONDITIONS SN75064 | SN75065 | SN75066 | 
Ic 


iat waa | 


Collector sustaining 
NCEXISUS) voltage fe Bis ee et fee ee eee ee 


Collector output 


ICEX 


cutoff current 


: On-state : Beh eo wae eae 
on) input current Vi = 8V Poe) ae Oe Pee ie 
Vp = 12 V CR BEG 2 


On-state 


V 
Kon) input voltage 


bic heii ar Ga aes i 
V 


Vee 2M in = 1B A. 
CE Cc 2.5 2.5 10 
See Note 3 


i, = 625 uA, Ie = 500 mA 
V 


| = 935 «A, I¢ = 750 mA 
i= 1.25 mC = 1A 


ly) = 2 mA, Ic = 1.254, 
See Note 3 
lj) = 2.25 mA, Ic = 1.54, 

7 | Lay d 
See Note 3 


ViamOv, taser | f0Oh Buu. iy. | 
eo es 


Collector-emitter 


V 
CE(sat)  oturation voltage 


Clamp-diode 


reverse current 


NOTE 3: These parameters must be measured on one output at a time using pulse techniques, ty = 10 ms, duty cycle < 10%. 


switching characteristics at 25°C free-air temperature, VCC = 5 V 


PARAMETER 
tPLH Propagation delay time, low-to-high-level output 


tPHL Propagation delay time, high-to-low-level output 


TEXAS we 
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SN75064, SN75065, SN75066, SN75067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


OPEN 


OPEN VCE 
vi IcEx 
OPEN : 
a Ic 


FIGURE 1. VCEX(sus) FIGURE 2. IcEx 
OPEN OPEN 
lion) 
Vi OPEN 
VCE fic 


bit 


FIGURE 3. lIi(on) FIGURE 4. Vi(on) 


it~ 


OPEN 


VR 
+" 
OPEN 
f VCE(sat) hii 4 


FIGURE 5. VCE(sat) FIGURE 6. Ip 


OPEN 


FIGURE 7. VF 


ae 
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SN75064, SN75065, SN75066, SN75067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


35 V ——— Vi 
CLAMP ave Note C) 
INPUT 
68 2, 2W 


OUTPUT ae 1 vi pee 


(— VOH 
GENERATOR Cy. = 15 pF i fe) 
(see Note A) (see Note B) OUTPUT 50% 50% 

eee VOR 


VOLTAGE WAVEFORMS 


TEST CIRCUIT 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Z, = 502. 
B. C, includes all probe and stray capacitance. 
C. Vin = 2.5 V for SN75064 and SN75065. Vip, = 10 V for SN75066 and SN75067. 


FIGURE 8. SWITCHING TIMES 


ELECTRICAL CHARACTERISTICS 


SN75064, SN75065 SN75066, SN75067 
INPUT CURRENT INPUT CURRENT TYPICAL COLLECTOR CURRENT 
vs vs vs 
INPUT VOLTAGE INPUT VOLTAGE BASE CURRENT 
6 1.5 
VCE = VCE (sat) ea 
s Ta=25°C ‘A 
Duty Cycle = BARRE 
< 
r 7 4 ’ 1.0 
~ = t 
E 4A 3 nd Vleoes SN75066 ARE 
3 2 CHARACTERIZED ONLY 
a a E: UP TO THIS POINT 
« + <2 8 os 
= = 2 
le 
i) ) 
) 0.5 1 1.5 2 2.5 
V}—Input Voitage—V Vi—Input Vottage—V 1g—Base Current—mA 
FIGURE 9 FIGURE 10 FIGURE 11 
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vs vs 
DUTY CYCLE DUTY CYCLE DUTY CYCLE 
Ta= 26°C = 50° ‘aie Ta=70°C 
< N = Number of Outputs : < N = Number of Outputs < N = Number of Outputs 
“ Conducting Simultaneously z Conducting Simultaneously a x Conducting Simultaneously 
@ 1. 2 © 1. 
é 3 Se : 
3 Ss 6 
i i ie : 
8 8 tas 
E g 5 
£ E Se E 
» Oe 7 pone + 
g 2 Sen 8 
Eieotet sc. 
0 10 20 30 40 50 60 70 80 90 100 ma 10 20 30 40 50 60 70 80 90 100 4 10 20 30 40 50 60 70 80 90 100 
Duty Cycle—% Duty Cycle—% Duty Cycle—% 
FIGURE 12 FIGURE 13 FIGURE 14 
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SN75064, SN75065, SN75066, SN75067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


TYPICAL APPLICATION DATA 


FIGURE 15. RELAY DRIVER INTERFACE 
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Output Collector Current... 1.5 A Max 


2-W Dissipation Rating 

High Output-Voltage Capability 

Preamp for High Current Gain 

Outputs Diode-Clamped for Inductive Loads 


Common-Emitter Circuit for Current Sink 


Inputs Compatible with TTL and 5-Volt 
CMOS 


@ Functionally Interchangeable with ULN2068 
and ULN2069 


description 


The SN75068 and SN75069 are monolithic 
integrated circuits each consisting of four high- 
voltage, high-current n-p-n cascaded transistor 
switches. Each switch includes a first stage 
compatible with both TTL and 5-volt CMOS 
signal levels. The second and third stages form 
uncommitted-collector outputs with common- 
cathode clamp diodes for switching inductive 
loads. 


The SN75068 and SN75069 can sink up to 
1.5 amperes per switch. Applications include 
logic buffers, MOS drivers, memory drivers, line 
drivers, relay drivers, hammer drivers, lamp 
drivers, and display drivers (LED and gas 
discharge). 


The SN75068 and SN75069 are characterized 
for operation from O0°C to 70°C. 


logic symbolt 


CLAMP 


CLAMP 
1C 
2C 
3C 
4c 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


SN75068, SN75069 


QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


D2621, DECEMBER 1979—REVISED FEBRUARY 1987 


NE 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


E, SUBSTRATE, 
AND HEATSINK 


NC—No internal connection 
schematic (each switch) 


Vcc 


CLAMP 


INPUT 2.5 k? 
B 


OUTPUT 
Cc 


Resistor values shown are nominal. 


logic diagram 
CLAMP 
CLAMP 


1C 


2c 


3C 


4c 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN75068, SN75069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


absolute maximum ratings at 25°C free-air temperature for each switch (unless otherwise noted) 


eS 
evan 


Supply voltage, Vcc (see Note 1) 10 ee ae 
Input voltage 15 


V 
V 
V 
Peak collector current (see Figures 10, 11, and 12) 
Total power dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range 
Storage temperature range 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds 260 260 


NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate total power to 1328 mW at 70°C at the rate of 16.6 mW/°C. 


electrical characteristics at 25°C free-air temperature, VCC = 5 V (unless otherwise noted) 


TEST 
PARAMETER 
FIGURE 


VCEX{sus) Collector sustaining voltage 


TEST CONDITIONS 


Vi = 0.4V, I¢ = 100 mA 
Vce = 50 V 


Vee = 50V, Ta = 70% | 500 | 


ICEX Collector output cutoff current 


lion) On-state input current 


Viton) On-state input voltage 


Vce = 80 V 
Vce = 80 V, Tag = 70°C 


;}= 2.4V 


V 
pA 


V = at Vi [exeasn Pte 
CE Cc 2.4 24| Vv 
. See Note 3 


V) = 2.4 V, lc = 750 mA E ; 
Vi=24V, Ic | 
Vi=2.4V, Ic = 1.25V Vv 
See Note 3 : 
| 
q 


i 

— 

> 
a 
N 
oO 
—— 
N 
ol 


i 
~ 
° 
° 
fo) 
be —_ Ff — 
ea om |r 
.—~ 
> 


Collector-emitter 
VCE(sat) 


saturation voltage 


Vi = 2.4-¥, Ic = 1.54, 
See Note 3 
V 


R= 50V 

VR = 50V, Ta 

Vr = 80 V 

VR = 80V, Ta = 70°C 


lp = 1A 
VE Clamp-diode forward voltage 2 
ine 1.5.4, See Note 3 
Supply current 
lcc cae : : Vi = 2.4 V, Ic = 500 mA 
(only one switch conducting) 


NOTE 3: These parameters must be measured on one output at a time using pulse techniques, ty = 10 ms, duty cycle < 10%. 


Clamp-diode reverse current 


suozenyoy/SisAug jessyduedg éy 


switching characteristics at 25°C free-air temperature, Vcc = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


tpLH Propagation delay time, low-to-high-level output See Fj 9 SS ee A eee 
ee Figure 
tpHL Propagation delay time, high-to-low-level output 
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SN75068, SN75069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


Vec OPEN 
FIGURE 1. VCEX(sus) 


Vec OPEN 
lilon) 
—» 
Vi 


FIGURE 3. I}(on) 


Vcc OPEN 


PE 


FIGURE 5. VCE(sat) 


OPEN 


FIGURE 7. VF 


VI 
7 


OPEN 


TEXAS 
INSTRUME 


VCE 
ICEXx 
ipa 


Vcc * OPEN 
OPEN 


FIGURE 2. ICEXx 


EN 


3 a) | | : fic 


FIGURE 4. Vi(on) 


VR 
. 
OPEN ae 


FIGURE 6. IR 


lcc oP 


i : 
o 


EN 
FIGURE 8. Icc 


wy 
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SN75068, SN75069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


! 
OUTPUT ‘PHL — i dt 'PLH 
ree VOH 
L = 15 pF | 
(see Note B) ‘OUTPUT 50% 50% 
ee or VOL 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Zp, = 502. 
B. C, includes all probe and stray capacitance. 


FIGURE 9. SWITCHING TIMES 
THERMAL INFORMATION 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vs vs 
DUTY CYCLE DUTY CYCLE DUTY CYCLE 
TaA=25°C Ta = 50°C Ta=70°C 
< N = Number of Outputs < N = Number of Outputs 4 N = Number of Outputs 
a Conducting Simultaneously z Conducting Simultaneous 2 Conducting Simultaneously 
¢ 
et. 2 2 
3 3 3 
3 5 5 
8 8 8 
8 8 8 
E E E 
é é E 
2 2 2 
0 0 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
Duty Cycle—% Duty Cycle—% Duty Cycle—% 


FIGURE 10 FIGURE 11 FIGURE 12 


TYPICAL APPLICATION DATA 


14 
SN75068 


SN75069 
12 


TMS1000 


FIGURE 13. RELAY DRIVER INTERFACE 
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zu SN75372 
DUAL MOSFET DRIVER 


D3004, JULY 1986 


Dual Circuits Capable of Driving High- D OR P PACKAGE 
Capacitance Loads at High Speeds (TOP VIEW) 


Output Supply Voltage Range Up to 24 V 


Low Standby Power Dissipation 


description 


The SN75372 is a dual NAND gate interface logic symbol? 
circuit designed to drive power MOSFETs from 
TTL inputs. It provides high current and voltage 


(2) 


levels necessary to drive large capacitive loads E 

at high speeds. The device operates from a 

Vcc1 of 5 volts, and a VCC2 of up to 24 volts. 1A 1Y 
The SN75372 is characterized for operation from ay oy 


O°C: to: 70°C. 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


logic diagram (positive logic) 


(2) 


3 


1Y 


a 
2A 


schematic (each driver) 
Vcc1 Vcec2 


TO OTHER 
DRIVER 


Peripheral Drivers/Actuators 


INPUT A 


ENABLE E 


TO OTHER 
DRIVER 


Copyright © 1986, Texas Instruments Incorporated ° 


PRODUCTION DATA documents contain information “ 

current as of publication date. Products conform to | 

specifications per the terms of Texas Instruments TEXAS 
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-§N75372 
| DUAL MOSFET DRIVER 


PEARS AR RES BI ERASE ISTE DRL EBERLE, POE EE BE NESTE TLE I GE ES TSN OT OY OR TEE ILL LT BEL EE SLOT BEATS IEIE 1 (AE 0 RAE Ui aed RSA ED NM CS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voitage range of Veci (see Note 1) 2. hice. ik cc ee ce ee eee wees -O.5Vto7V 
UE -VONGIE TON Or NOT? 3. oe «oe ss eee a Gh Ge eee TS -0.5Vto 25 V 
POT ON” IRS a A aS ie DiS eee Eee" Se ett Sree eR EE re PM er ee 5.5 V 
Peak output current (tw < 10 ms, duty cycle < 50%): Sink............. 0c ee eaeee 500 mA 
OENOO +o, Shan eres oo ee eS 500 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
EP BNC IN Fe oe Ss eet a a "8 ae tak fe Gee 9 OR PA le en eT abbas ait pe Wl ge eee 725 mW 
PE OMOKEON foo oc es Se op NG oe a 0 be On 0 eee Se IO Ee ie ea 1200 mW 
SEER TOIMDOPOtOe TINIE. Sich vo ins oS 2 we pee Sg es ee Ue en el eG —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...........--2..+0+005- 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, see the Dissipation Derating Table. 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR Ta 


PACKAGE 


D 725 mW 5.8 mW/°C © 25°C 
P 1200 mW 9.6 mW/°C 25°C 


5 


recommended operating conditions 


Ramadan to, oe a eee 
ioe var a 
nia eee 
peeved a 
abevsl ouput curentlon 
Petunia 


Operating free-air temperature, Ta 0 70 


sio}enyoy/SsisAug jesoudused 
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SN75372 
DUAL MOSFET DRIVER 


electrical characteristics over recommended ranges of VCC1., VCC2, and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 
| 2208 ie ole) 
Vec2-1.3 Vcc2-0.8 
VeéC2=2: 


Vit = 0.8 V, lon = —10mA cc2-2:5 Vcc2-1.8 


Ti 
0.15 0.3 
0. 


VOL Low-level output voltage 
0.25 5 
2 
16 


TRS be eed 
Se oe 
| Sees AE 
Eo ee eee 
ee 
both outputs high Vcc2 = 
both outputs high 


Supply current from Vcc1, 


5 


4 
ICC1(L) 4 
both outputs low Vcc1 = 5.25 V, Vec2 = 24V, 
eee Supply current from Vcc2, All inputs at 5 V, No load 
both outputs low 
es Supply current from Vcc2, Vec1 = 0, Vcc2 = 24 V, cd 
standby condition All inputs at 5 V, No load 


TAll typical values are at Vcc = 5 V, Vcc2 = 20 V, and Ta = 25°C. 


2 
| 


V 
mA 
mA 


switching characteristics, VCC1 = 5 V, VCC2 = 20 V, Ta = 25°C 


Peripheral Drivers/Actuators 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
tpLH Delay time, low-to-high-level output BRR ee a eee 
tDHL Delay. trae, isk ta-igy-tavel output CL = 390 pF, Zee. Be EOS 
tTLH Transition time, low-to-high-level output ep ae 10-0 Sires eae oss Rs ae 
tTHL Srenaition time, high: teiow-level output Sas Figicas Seas ee BS 
tp_LH Propagation delay time, low-to-high-level output 10 40 65{ ns | 
tpH_ Propagation delay time, high-to-low-level output 10 30 50] ns | 


4s 
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SN75372 
DUAL MOSFET DRIVER 


PARAMETER MEASUREMENT INFORMATION 


<10 ns—¢—> I <10 ns 
ee oT te aE ge Se 3V 
5V 20V | | 
INPUT | | 
INPUT ert 
Fvcer Veco | Vf il 
PULSE — RUE At Saray ae ay 
GENERATOR | Rp i+—-tPHL—>I tpl 
(See Note A) j OUTPUT ! | 
c tpHL 4 —Pr-tTLH 
i L eae 
ke GND 4 | * (See Note B) i#—Pr tTHL fc | Vou 
2.4 a . | ate, 
TEST CIRCUIT ica 
ee er 
VOLTAGE WAVEFORMS 
NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zoyt = 50 2. 


B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES, EACH DRIVER 


o 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE | LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
OUTPUT CURRENT OUTPUT CURRENT 


Vceci1 = 5V 


Vec1 = 5V 


S10}JENIYy/SIBALG je1eUudUed 


> Vec2 = 20 V > Vcec2 = 20 V 
 Vec2-0.5 is 
& ma te Ss 
S 6 
i Vcc2-1.0 ") = 25°C = 
a HII a 
3 + TA = 70°C . 

; Vcc2 -1.5 Qe ° 
: nl Wl Nea Sul E 

® 1 a ® 
be Ss § 
t CL cee rit 3 
& Vec2-2.5 fe) 

Vcc2-3.0 
-—0.0 -0.1 -10 - 100 
Pee Ba Current—mA loL—Low-Level Output Current—mA 
FIGURE 2 FIGURE 3 
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SN75372 
DUAL MOSFET DRIVER 


Vo— Output Voltage—V 


TYPICAL CHARACTERISTICS 


VOLTAGE TRANSFER CHARACTERISTICS 


Veci1 = 5V 
Vcc2 = 20 V 
No load 

Ta = 25°C 


Vi—Input Voltage—V 
FIGURE 4 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 
FREE-AIR TEMPERATURE 


P+ — Dissipation— mW 


POWER DISSIPATION (BOTH DRIVERS) 
vs 
FREQUENCY 
1200 


¥oc! = &V 

Vcc2 = 20 V 

INPUT: 3 V Square wave 
50% duty cycle) 

Ta = 25°C 


1000 
800 


600 
CL = 2000 rT HLS 


ALU 
CL = 4000 pF . iN AVN a 
BUINiaes: 


40 
f — Frequency — kHz 


FIGURE 5 


100 200 400 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 
FREE-AIR TEMPERATURE 


1000 Se 


Ol 
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200 200 
ae Bo eeaaesn a eed eee mee 
100 | gece | | Ly 
; ~ Rp = 100 
@ # eR WE DRE EN PRPS Gio 2 TA © D 
E = 160 +——-4 £ c 160 a 1 a 
= I = I See Figure fae Ci = 4000 al 
= a 140 3 a 140 I ———_—_ 
86120; RD = 102 6 120 
cs See Figure 1 e 3 
S > 199 sii = 3 100 2000 
$3 ee 
a 5 © $s BSR We cas iS A ae eer 
am 80 a5 80 
£ Se a NSE T f  R ET 
| 2 60 SS * 2 60 
ae CL= 200 °F) | c= 300 pF | a) 
a aiar 40 Cre GE es The 40 
el a Ria k ar Sa eee - 
sit TL Le sone a : = ToL = 50 pF i 
0 10 20 30 40 50 60 70 80 60 .10; 20, 30. 40.50 .60 70 .30 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 6 FIGURE 7 
Ti 4 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 
VS 
Vcc2 SUPPLY VOLTAGE 


rec. 3 ¥ 
Rp = 100 

Ta = 25°C 
See Figure 1 


tp_LH— Propagation Delay Time, 
Low-to-High-Level Output—ns 


0 5 10 15 20 25 
Vcc2—Supply Voltage—V 
FIGURE 8 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 
LOAD CAPACITANCE 


oy eV) mee 


200 


180 


Vcc2 = 20 V 


SIOJENIY /SAVAUG jessudiued So 


2 2160} TA = 25°C 
i= a See Figure 1 
z a 140 
® 3 
Q 0 120 > 
ae ae oh femmes 
= 3 100 = a iam 
Be Pe eer ee 
& > 80 2 
es 
gel igs as “aca eg 
= 2 
aS 40 

20 

0 

0 1000 2000 3000 4000 
C, —Load Capacitance — pF 
FIGURE 10 


tpH_— Propagation Delay Time, 


tPpHL— Propagation Delay Time, 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 
Vcc2 SUPPLY VOLTAGE 


Voci = 5¥ 
Rp = 100 
Ta = 25°C 
See Figure 1 


High-to-Low-Level Output—ns 
— 
° 
° 


80 
60 
40 
20 
0 
0 5 10 15 20 25 
Vcc2—Supply Voltage—V 
FIGURE 9 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 
LOAD CAPACITANCE 


200 
Meo see te Ph 
fed byes sigme renee as 
2 160} TA = 26°C 8 
eter | oT or 
s Poets or | 
o 120 Ss 
: mas ee ee 
® 100 ee 
= 0 ee Te 
z pegs Geel 
° 
or pene p 
oe aoe 
e eaaee 
0 
0 1000 2000 3000 4000 
C, —Load Capacitance — pF 
FIGURE 11 


NOTE: For Rp = O, operation with C_ > 2000 pF violates absolute maximum current rating. 
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SN75372 
DUAL MOSFET DRIVER 


APPLICATIONS INFORMATION 
driving power MOSFETs 


The drive requirements of power MOSFETs are much lower than comparable bipolar power transistors. 
The input impedance of a FET consists of a reverse biased PN junction that can be described as a large 
Capacitance in parallel with a very high resistance. For this reason, the commonly used open-collector driver 
with a pull-up resistor is not satisfactory for high-speed applications. In Figure 12(a), an IRF151 power 
MOSFET switching an inductive load is driven by an open-collector transistor driver with a 470 Q pull-up 
resistor. The input capacitance (Cjgs) specification for an IRF 151 is 4000 pF maximum. The resulting long 
turn-on time due to the combination of Cjgg and the pull-up resistor is shown in Figure 12(b). 


aannwea=w Ce Ce Ge bse | 
: i. ' | fe 
IRF151 | 
i. TLC555P 
(a) 


FIGURE 12. POWER MOSFET DRIVE USING SN75447 


O1 


VoH- Vo_—Gate Voltage—V 
N 


” 
hes 
) 
rer] 
© 
5 
~ 
o 
<f 
= 
” 
ae 
® 
2 
the 
an) 
r) 
foo 
® 
& 
2 
he 
® 
o. 
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SN75372 i) 
DUAL MOSFET DRIVER 


APPLICATIONS INFORMATION 


A faster, more efficient drive circuit uses an active pull-up as well as an active pull-down output 
configuration, referred to as a totem-pole output. The SN75372 driver provides the high speed, totem- 
pole drive desired in an application of this type, see Figure 13(a). The resulting faster switching speeds 
are shown in Figure 13(b). 


(a) 


FIGURE 13. POWER MOSFET DRIVE USING SN75372 


48 V 


5V 


OD: Oe “Toe - 2-28 8 
Time— ys 


(b) 


* 
77) 
2 
Sj 
ol 
Ww 
“J 
N 
x 
ee 
2] 
VoH — Vo_—Gate Voltage—V 
N 


Power MOSFET drivers must be capable of supplying high peak currents to achieve fast switching speeds 
as shown by the equation 


VC 
Ibk eee 
tr 


where C is the capacitive load, and t, is the desired rise time. V is the voltage that the capacitance is 
charged to. In the circuit shown in Figure 13(a), V is found by the equation 


V = VOH - VOL 


Peak current required to maintain a rise time of 100 ns in the circuit of Figure 13(a) is 


siojenjyoy/SiaAug jesoudiued a 
| 


(3-0)4(109) 
IlpK =————- = 120 mA 
100(109) 


Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151. 
With a Vcc of 5 V, and assuming worst-case conditions, the gate drive voltage is 3 V. 


For applications in which the full voltage of VCC2 must be supplied to the MOSFET gate, the SN75374 
QUAD MOSFET driver should be used. 


4 
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SN75372 
DUAL MOSFET DRIVER 


THERMAL INFORMATION 


power dissipation precautions 


Significant power may be dissipated in the SN75372 driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. Figure 5 shows the power dissipated in a typical 
SN75372 as a function of load capacitance and frequency. Average power dissipated by this driver is 
derived from the equation 


PT(AV) = PociAv) + Pc(Av) + PS(AV) 


where PDC(A\) is the steady-state power dissipation with the output high or low, PC(A\) is the power 
level during charging or discharging of the load capacitance, and Ps(Ayv) is the power dissipation during 
switching between the low and high levels. None of these include energy transferred to the load and all 
are averaged over a full cycle. 


The power components per driver channel are 


PHtH +PLtL *HL—¢—> PE HLH 
ROR. Soe ! 1 

i\! I 
Pc(av) = C V2 f Se | 
C | lq >i 

| tI " 
PLHtLH + PHLtHL | 
PS(AV) = en te ee hh ef cell 


FIGURE 14. OUTPUT VOLTAGE WAVEFORM 
where the times are as defined in Figure 14. 


P_, PH, PLH, and Py are the respective instantaneous levels of power dissipation, C is the load capacitance. 
Vc is the voltage across the load capacitance during the charge cycle shown by the equation 


Vc = VOH - VOL 


Ps(AV) may be ignored for power calculations at low frequencies. 
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DUAL MOSFET DRIVER 
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THERMAL INFORMATION 


In the following power calculation, both channels are operating under identical conditions: 

VOH = 19.2 volts and VoL = 0.15 volts with Vcc1 = 5 volts, Vcc2 = 20 volts, Vc = 19.05 volts, 
C = 1000 picofarads, and the duty cycle = 60%. At 0.5 MHz, Ps(Av) is negligible and can be ignored. 
When the output voltage is high, ICC2 is negligible and can be ignored. 


On a per-channel basis using data sheet values 


Pociay) = E wf? mA) + (20 V) (on mal (0.6) + E (te) « (20 V) [2m a} (0.4) 


PDC(AV = 47 mW per channel 


Power during the charging time of the load capacitance is 

PC(AV) = (1000 pF) (19.05 V)2 (0.5 MHz) = 182 mW per channel 
Total power for each driver is 

PT(AV) = 47 mW + 182 mW = 229 mW 
and total package power is 


PT(AV) = (229) (2) = 458 mW. 
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SN75374 
QUADRUPLE MOSFET DRIVER 


D3004, SEPTEMBER 1986 


@ Quadruple Circuits Capable of Driving High- D OR N PACKAGE 
Capacitance Loads at High Speeds (TOP VIEW) 


@ Output Supply Voltage Range from 5 V to 
24 V 


Low Standby Power Dissipation 


Vcc3 Supply Maximizes Output Source 
Voltage 


description 


The SN75374 is a quadruple NAND interface 
circuit designed to drive power MOSFETs from schematic (each driver) 
TTL inputs. It provides the high current and 
voltage necessary to drive large capacitive loads 
at high speeds. 


Vcc1 Vcc3 Vcoc2 


TO OTHER 
DRIVERS 


The outputs can be switched very close to the 
VCC2 supply rail when VCC3 is about 3 volts 
higher than VC¢c2. The VCC3 pin can also be tied 
directly to VCC2 when the source voltage 
requirements are lower. INPUT A 


a 


OUTPUT 


The SN75374 is characterized for operation from —s enagie £1 y 


re) o 
O°C ta: 70°C. chanee Eo “ 
; S) 
logic symbol GND = 
TO OTHER =) 
DRIVERS rT} 
161 q 
. . e,8 . — 
1E2 logic diagram (positive logic) ” 
® 
= 1E2 Q 
TTL/MOS = © 
1A 1 1Y 2E2 rT) 
<= 
aq pt ay - £ 
he 
TTL/MOS 
aA 2 3Y aa Pe 
4a Tp av 
(7-48) on 
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. if 
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
ps seeblaoryertns ~~ o ——_ of Meret —— TE 5-43 
standard warranty. Production pr i . 
necessarily include testing of fi pereeerere. IN STRUMENTS 
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SN75374 
QUADRUPLE MOSFET DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Stipiny: Votege Tange errr 1, (S668: MOTO 3) |. os Lk a secs, oo eee ee -O0.5Vto7V 
SOU WOME TOG UCCRIOCTOA YS oy 8d co fer. 6 5 a yt th ns a ie ee Sh ee —-0.5 V to 25 V 
URLS NEARING! NIMC RIENCE Doss fo «5 x’. wa ph em eRe ig 0.8 dee e pratn Beek Tae ete —0.5 Vto 30 V 
MURR ECCAPEDER RMN 2 cae So ERTS SA ha? weve! ow Och a SNE SEINE La Fb NIN Ak Sad us ee pies eh wes 5.6 V 
Peak output eurcrent:(tuy =< 10 ms; duty cycle < 50%):: Sink... = 6.0.9. eee le oe 500 mA 
SOUNGCO Sis as ee ps ee Le 500 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
OG LS A. OR PEIN. Chto Waly gas, > 3a FROG ww hdee EG DOE Pets Le oon SES 1025 mW 
ere ara MoE LS. a NAT os oes tn, Gh Bae OE BSE Baa OT RY Pee we ETE 1650 mW 
Oreratiria 1rae@-ait temperature ANOS. <3... 6 ek fe ind Skaiesee eae ate a oe ee O°; to..70°C 
ORIENT TOTUNIC TAUNTON occ rect bs sonia Va 5-5 Shes ds erie Bane a GAL tad ae ene -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................2000- 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C, see the Power Dissipation Derating Table. 


POWER DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR Ta 


PACKAGE 


D 1025 mW 8.2 mW/°C 25°C 
N 1650 mW 13.2 mW/°C 25°C 


O1 


eo - recommended operating conditions 

r CE ER a a eee een eee OA 

5 Supply voltage, Vcc} 4.75 5° ~ 6.25 

@ Supply voltage, Vcc2 4.7620 | 124 

2 Supply voltage, Vcc3 Vcec2 24 28 

'w) Voltage difference between supply voltages: Vcc3 — Vcc2 ei Rae Ses ee ee 

5. [Fiah-evel input vege, Vin 

@ | Low-level input vottage, Vit Ee eee Wo 

GE [Hiohevel output eurent lok NARS AT 

> Low-level output current, Io. Reon RS SS 
Operating free-air temperature, Ta To 

Pa 

c 

> 

2) 

. 

” 
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SN75374 
QUADRUPLE MOSFET DRIVER 


electrical characteristics over recommended ranges of VCC1, VCC2. VCC3, and operating free-air 
temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 
=1 


Vcoc3 = Vcec2+3V, Vit = 0.8V, IoH = —100 pA} Voc2-9.3 Vcec2-0.1 
High-level Vcec3 = Vcc2+3 V., Vit = 0.8 V, Ion = -—10mMA | Veoc2-1.3 Vec2-0.9 


V 
aie output voltage Vcec3 = Vcc2. Vit = 0.8 V, IoH = -—50 pA | Veco Vcc2-0.7 
Vec3 = Vcc2. Vit = 0.8 V, lon = -—10 mA | Vec2-2.5 Vec2-1.8 


ya Low-level Vin = 2, foL = 10 mA f 
OL output voltage Vec2 = 15V to 28V, Vip =2V, Io, = 40mA 
Output clamp diode 
Ve V; = 0, lp = 20 mA 
forward voltage 
Input current at 
I ; ; Vv; = 5.5 V 
maximum input voltage 


High-level 
NH Vj = 2.4V 
input current 
Low-level 
Ne Vv; = 0.4 V 
ees oe ee 


m 
m 
| 
CCMA) Voc, all outputs high 
m 
m 
m 


5 


“ Vcc3, all outputs high 
' Supply current from 
CC1(L) 
Vcc1, all outputs low 
Sanpl ; VEC1 = Vec2 = 24V, 
ICC2(L) ag pays hastens Vcc3 = All inputs at 5 V 
Vcc2, all outputs low ; 


No load 
Supply current from 


-2 
4 
—2.2 
Supply current from 
31 
16 


| 
CC3(L) Vcc3, all outputs low 


B 
' Supply current from y te y , aay 
CC2ih) Vcc2, all outputs high ome eC? ; 
Vcc3 = All inputs at O V, 
Supply current from 
ICC3(H) : No load 
Vcc3, all outputs high 
a 


Supply current from 
TAll typical values are at Vcc1 = 5 V, Vec2 = 20 V, Vec3 = 24 V, and Ta = 25°C except for Voy for which Vcc2 and Vcc3 are 
as stated under test conditions. 


0.3 
0.5 
1 | ma 
8 
V = 5. V =i124V- 
V , all outputs high : ; 
CC2 cate g No load 
3.5 
47 
2 
Zi 
0.25 


Icc2(s) Vcc2, standby 
condition 


Vcec1 = 9, Vec2 = 24 V, 
Vcc3 = 24V, All inputs at O V, 
No load 


V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
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Supply current from 
Cests) Vcc3, standby 


condition 


switching characteristics, VcCc1 = 5 V. Vcc2 = 20 V, Vcc3 = 24 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


tTLH Transition time, low-to-high-level output 


Ci = 200 pF, 
Rp = 2402, 
See Figure 1 
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PARAMETER MEASUREMENT INFORMATION 
24V 
re i 
ee Meer ‘Vec2 | 
Vcc3 | 
l 


PULSE 
GENERATOR. 
(See Note A) 


CL 


te (See Note B) 


] 
___GND_ a 
2.4V te 


TEST CIRCUIT 


<10 ne——>| a 5 a ns 


| | 
LON 40.5. ———-- 


; | Ov 
HE es It tpLH->} 
HL | ts 
i¢—9r- tTHL hee | sin 
aaiy 
OUTPUT 
ne ean VE. 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zoyt = 50 Q. 
B. C, includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES, EACH DRIVER 
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VOH— High-Level Output Voltage—V 


Vo_—Low-Level Output Voltage—V 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


Bilin, 
Vcc2-0.5 ae 

al myst a 
ig 


Vcc2 


Vcc2-1.0 


Vcc2-2.0 Te Syed &, 

Vcc2 = 20 V 
Vcc2-2.5 Vcc3 = 24 V 

Vi = 08V | 
Vcc2-—3.0 

-0.01 -0O.1 -1 -10 - 100 
lIoH—High-Level Output Current—mA 
FIGURE 2 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


¥ooun a 
Vcc2 = 20 V 
Vcc3 = 24V 
Vi=2V 


lo_—Low-Level Output Current—mA 
FIGURE 4 


VOH—High-Level Output Voltage—V 
< 
2) 
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N 
| 
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VOLTAGE TRANSFER CHARACTERISTICS 


Vo— Output Voltage—V 


Vcc1 
Vcc2 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
OUTPUT CURRENT 


Vec2 = Vcc3 = 20V 


— 
= 
ss 


-0.1 -1 -10 -— 100 
in High-Level Output Current—mA by 
FIGURE 3 
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V;—Input Voltage—V 
FIGURE 5 
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SN75374 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 


vs vs 
FREE-AIR TEMPERATURE 


TA-FREE-AIR TEMPERATURE 


ae EARS ot eRe 
225 


eats C 4000 pF 
= = p 
§ *000 Vec2 = 20 V 52 L 
J prelice a if oa 
> 3175}Rp = 242 > 3 
= = See Figure 1 S = 
Q © 150 Qa 0 
6 3 6 3 
i 2s 125 2 Ss ee 
S27 et ee ts 
i } gamma 
aS as és ae C_ = 1000 pF oe 
| 2 a: : 
= 5 oe a) ies Cee 
= ae 2 PS 
5 Se 23 
a ae fie a 
¢] 10 20 30 40 50 60 70 80 0 10: 20> 30 ¢*6€0.. 50° 60° 76.80 
Ta—Free-Air Temperature— °C Ta—Free-Air Temperature — °C 
FIGURE 6 FIGURE 7 
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tpLH— Propagation Delay Time, 


Low-to-High-Level Output—ns 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 
Vcc2 SUPPLY VOLTAGE 


Vcc1 = 5 V 

Vecs = Veca+4¥ 
Rp = 240 

Ta = 25°C 

See Figure 1 


ae CL = 2000 pF 


Vcc2—Supply Voltage—V 
FIGURE 8 


tpH_L— Propagation Delay Time, 


High-to-Low-Level Output—ns 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 
Vcc2 SUPPLY VOLTAGE 


YoCr= 5 ¥ 


Rp = 240 
Ta = 25°C 
See Figure 1 


Pos ee eal 


Yes a 
ny ACL 


Se bes ee ei ee 
CL = 1000 pF 


CL. = 200 pF 


Vcc2—Supply Voltage—V 
FIGURE 9 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME, PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT HIGH-TO-LOW-LEVEL OUTPUT 
vs vs 
LOAD CAPACITANCE LOAD CAPACITANCE 


Low-to-High-Level Output—ns 
High-to-Low-Level Output—ns 


tp_H—Propagation Delay Time, 
tpH_L— Propagation Delay Time, 


0 
0 1000 2000 3000 4000 0 1000 2000 3000 4000 
C, —Load Capacitance— pF Cy, —Load Capacitance — pF 


FIGURE 10 FIGURE 11 


POWER DISSIPATION (ALL DRIVERS) 
vs 
FREQUENCY 


P+ — Dissipation — mW 


= 
= aan 
a Oe a 8 a EE) 
10 20 40 70100 200 400 1000 
f — Frequency —kHz 


FIGURE 12 
NOTE: For Rp = O, operation with C_ > 2000 pF violates absolute maximum current rating. 
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QUADRUPLE MOSFET DRIVER 


APPLICATIONS INFORMATION 


driving power MOSFETs 


The drive requirements of power MOSFETs are much lower than comparable bipolar power transistors. 
The input impedance of a FET consists of a reverse biased PN junction that can be described as a large 
Capacitance in parallel with a very high resistance. For this reason, the commonly used open-collector driver 
with a pull-up resistor is not satisfactory for high-speed applications. In Figure 13(a), an IRF151 power 
MOSFET switching an inductive load is driven by an open-collector transistor driver with a 470 Q pull-up 
resistor. The input capacitance (Cjss) specification for an IRF151 is 4000 pF maximum. The resulting long 
turn-on time due to the product of input capacitance and the pull-up resistor is shown in Figure 13(b). 


7 TLC555 — 
is alte eos eal es oa J 0 
OOO Ie eee ce, eee 
Time— ys 


(a) 


FIGURE 13. POWER MOSFET DRIVE USING SN75447 


5V 


5 


x 
— 
2] 
VoH- Vo_—Gate Voltage—V 
= N 


A faster, more efficient drive circuit uses an active pull-up as well as an active pull-down output 
configuration, referred to as a totem-pole output. The SN75374 driver provides the high-speed totem- 
pole drive desired in an application of this type, see Figure 14(a). The resulting faster switching speeds 
are shown in Figure 14(b). 
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5V 


SIOJEN}OW /SIBAUIG jes9UdHed 
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FIGURE 14. POWER MOSFET DRIVE USING SN75374 
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APPLICATIONS INFORMATION 


Power MOSFET drivers must be capable of supplying high peak currents to achieve fast switching speeds 
as shown by the equation 
VC 
lpk = 
tr 


where C is the capacitive load, and t, is the desired rise time. V is the voltage that the capacitance is 
charged to. In the circuit shown in Figure 14(a), V is found by the equation 


V = VOM =VOL 
Peak current required to maintain a rise time of 100 ns in the circuit of Figure 14(a) is 


(3-0)4(109) 
IpK =———_- = 120 mA 
100(109) 


Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151. 
With a Vcc of 5 V, and assuming worst-case conditions, the gate drive voltage is 3 V. 


5 


For applications in which the full voltage of VCC2 must be supplied to the MOSFET gate, Vcc3 should 
be at least 3 volts higher than Vcc2. 
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THERMAL INFORMATION 


power dissipation precautions 


Significant power may be dissipated in the SN75374 driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. Figure 12 shows the power dissipated in a typical 
SN75374 as a function of frequency and load capacitance. Average power dissipated by this driver is 
derived from the equation 


PT(AV) = PDC(AV) + PC(AV) + PS(AV) 


where PDC(AV) is the steady-state power dissipation with the output high or low, PC(A\y) is the power 
level during charging or discharging of the load capacitance, and Ps(Av) is the power dissipation during 
switching between the low and high levels. None of these include energy transferred to the load and all 
are averaged over a full cycle. 


Peripheral. Drivers/Actuators 


The power components per driver channel are ‘LH | ‘HL 
PHtH + PLtL | ; 
PDC(AV) = cede a | ; , 3 


Pc(Av) = C V2c f | ea 
L 
PLHtLH + PHLtHL Pee eT ee, preroee eeoieia 
PS(AV) = aks ae ee 
FIGURE 15. OUTPUT VOLTAGE WAVEFORM 


where the times are as defined in Figure 15. 
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THERMAL INFORMATION 


PL, PH, PLH, and PH, are the respective instantaneous levels of power dissipation, C is the load capacitance. 
Vc is the voltage across the load capacitance during the charge cycle shown by the equation 


Vo = Von =VOL 


Ps(Av) may be ignored for power calculations at low frequencies. 


PsS(AV) may be ignored for power calculations at low frequencies. 


In the following power calculation, all four channels are operating under identical conditions: f = 0.2 MHz, 
VOH = 19.9 volts and VoL = 0.15 volts with Vcc1 = 5 volts, Vcc2 = 20 volts, Vcc3 = 24 volts, 
Vc = 19.75 volts, C = 1000 picofarads, and the duty cycle = 60%. At 0.2 MHz for CL < 2000 pf, 
PS(AV) is negligible and can be ignored. When the output voltage is low, ICC2 is negligible and can be 
ignored. 


On a per-channel basis using data sheet values 


PDC(AV) -|e (iz) + (20 V) (#3) + (24 V) Bs Aloo + 
4 4 4 
(5 (22) + (20 (2 r). (24 o(2z4) Jos 


PpC(AV = 58.2 mW per channel 


Power during the charging time of the load capacitance is 

Pc(AV) = (1000 pF) (19.75 V)2 (0.2 MHz) = 78 mW per channel 
Total power for each driver is 

PT(AV) = 58.2 mW + 78 mW = 136.2 mW 
The total package power is | 


PT(AV) = (136.2) (4) = 544.8 mW 
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Characterized for Use to 500 mA D OR P PACKAGE 
(TOP VIEW) 


No Output Latch-Up at 50 V 


Very Low Quiescent Power . . . 100 mW 
Typical 
Very Low Input Current . . . 1 vA Typical 
Output Clamp Diodes for Transient 
Suppression FUNCTION TABLES 
SN75407 
@ TTL- or MOS-Compatible Diode-Clamped 


(EACH NAND DRIVER) 


INPUTS OUTPUT 
Y 


H H i 
L X H 
X L H 


description SN75408 
EACH OR DRIVER 
The SN75407 and SN75408 dual peripheral pect 


drivers are designed for use in systems that INPUTS OUTPUT 
Y 


require high current, high voltage, and fast aie oe 
H X H 
Xx H H 
L L L 


switching outputs. These devices have diode- 
functional block diagrams (positive logic) 


Inputs 


Standard 5-V Supply Voltage 


New Plastic DIP (P) with Copper Lead 
Frame Provides Cooler Operation and 
Improved Reliability 


5 


clamped inputs as well as high-current, high- 
voltage output clamp diodes for switching 
inductive loads. Special circuits enable these 
devices to feature very low quiescent power and 
minimal input current requirements. Applications 
include logic buffers, hammer drivers, dc motor SN75407 

drivers, and dc relay/solenoid drivers. (3) 


The SN75407 and SN75408 are characterized 1A 
for operation from O°C to 70°C. 


1Y 


logic symbols ev 


SN75407 OA 
CLAMP 


Peripheral Drivers/Actuators 


GND 
positive logic: Y = AS orA + S$ 


SN75408 
3 
(3) 1Y 
1Y 1A 
ay Ss 
CLAMP 2Y 
2A 
CLAMP 
GND 
positive logic: Y = A+ SorAS 
PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to j 
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SN75407, SN75408 
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schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
CLAMP 


Vcc 


OUTPUT 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


eI VO A ee ee NOTE. Fitch % ois. si hace ph wee 20 Sane PRRs Malay ek ee eh Wee ee 7V 
OS ERED, a es oe Dacre ee Boe AS eR EA Mom CASRN Ee git SAME Sy ae nr nn nae Poe ee Dik? Vv. 
COEREENETE “CPTNINE SEI O 2) csv ast esas: Ald. ot o eeu ok Oe bc ap eles Dipar aaa rae 550 mA 
Outre Gime ae UCONN 0.51 > chwke WS ws Nas Cekkerein w OUR Wei mc aeien eae ae aia Ses 550 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

WORSE Tos SAR: Se ee EM OEP Aa Raven Ae AME re RORY Petar rsd, oie ina ystht. yy toe eer} Phot co tae pe ven ar: 725 mW 

POO Fa ke OS a he wok Aid sce andes 0p alge ee ee RE bien dee WORSE ete S 1200 mW 
Operating tree-air toniperature range... . .. . 04). aro alas ya). Fae. eae O°C 40:70°C 
siorage temiperarresrande = nyt o. . POR EERE Shs ee a ea —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..................4.. 260°C 


NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short 
time interval must fall within the continuous dissipation ratings. 
3. For operation above 25°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C and 
the P package to 768 mW at 70°C at the rate of 9.6 mW/°C. 


recommended operating conditions 
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SN75407, SN75408 
DUAL HIGH-CURRENT PERIPHERAL DRIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER 


| High4evel.output current bo Ma tad a if TENS Sad A 
| -evel outpu urr 
OH ’ e | ViL = 0.8 V, VoH = 70V F 


(OL = 100 mA 


Vec = 4.75 V, ne 
ion = 200mA___+| ——~—ia A 
VoL Low-level output voltage ViH = 2V, 


0.1 
lo = 300 mA 0.45 0.65 
ion = 800mA | 


IOH = 100 pA 70 100 


Vit = 0.8 V 


V(BR)O Output breakdown voltage Vcc = 4.75 V, 


Output clamp diode forward voltage Vcc = 4.75 V, l-F = 500 mA 
WH High-level input current Vec = 5.25 V, V; = 5.25 V 0.01 10 


A input [08-10 
He Low-level input current Vcc = 5.25 V, Vv; = 0.8 V Seu e eee 


Supply current, ie Ge Rae i Ae SR a Re Rta 
CCH outputs high SN75408 ee: Vi = 5V PPS aes 
Supply current, Li JS Sees eee Vp=5V a a 
CCL outputs low SN75408 eR 20 30 


TEST CONDITIONS MIN Typt MAX UNIT 
cr 2 ee 


0.1 0.2 
tTHL ‘Transition time, high-to-low-level output 


Bie thee See 
Vv High-level output voltage after switchi scr RRO: BE SUMP Be teee's6 mV 
- age atter switcnin _ 
OF Se ee hee “ See Figures 2 and 3 S 


T All typical values are at Vcc = 5 V, Ta = 25°C. 


Ci. = 15 pF, Rr, = 100Q, 
See Figures 1 and 3 


PARAMETER MEASUREMENT INFORMATION 


INPUT 2.4 V 


Rp = 100 2 


PULSE 
GENERATOR CL = 15 pF 
(See Note A) (See Note B) 
SN75408 
+ OPEN -L 
0.4 V 


NOTES A. The pulse. generator has the following characteristics; ty = 5 us, PRR = 100 kHz, Zoyt = 50 2. 
B. Cy, includes probe and jig capacitance. 


FIGURE 1. TEST CIRCUIT FOR SWITCHING TIMES 
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SN75407, SN75408 
DUAL HIGH-CURRENT PERIPHERAL DRIVERS 


PARAMETER MEASUREMENT INFORMATION (continued) 


Vs = 50V 


INPUT 


2mH 


2.4V 


SN75407 


100 2 


PULSE 
GENERATOR 
(See Note A) 


CIRCUIT 
UNDER 
TEST 


OUTPUT 


Cy = 15 pF 
SN75408 


3 (See Note B) 
0.4V 


NOTES A. The pulse generator has the following characteristics; ty = 40 ws, PRR = 12.5 kHz, Zoyt = 50 2. 
B. C, includes probe and jig capacitance. 


FIGURE 2. TEST CIRCUIT FOR HIGH-LEVEL OUTPUT VOLTAGE AFTER SWITCHING 


= 


SN75408 INPUT 


SN75407 INPUT 
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OUTPUT 


FIGURE 3. VOLTAGE WAVEFORMS 
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Saturating Outputs With Low On Resistance 
Very Low Standby Power. . . 53 mW Max 


High-Impedance MOS- or TTL-Compatible 
Inputs 


Standard 5-V Supply Voltage 


No Output Glitch During Power-Up or 
Power-Down 


@ Output Clamp Diodes for Transient 
Suppression 


2-W Power Package . . . 60°C/W Raja 


600-mA Output Current 
35-V Switching Voltage 


description 


The SN75435 quadruple peripheral driver is 
designed for use in systems requiring high 
current, high voltage, and high load power. It 
features four inverting open-collector drivers 
with a common enable input that, when taken 
low, disables all four outputs. Each driver is 
protected against load shorts with its own 
latching over-current shutdown circuitry, which 
will turn the output off when a load short is 
detected. A short on one load will not affect 
operation of the other three drivers. The latch for 
the shutdown will hold the output off until the 
input or enable pin is taken low and then high 
again. A delay circuit is incorporated in the over- 
current shutdown to allow load capacitance of 
up to 5 nF at 35 volts. 


Applications include relay drivers, lamp drivers, 
solenoid drivers, motor drivers, LED drivers, line 
drivers, logic buffers, hammer drivers, and 
memory drivers. 


The SN75435 is characterized for operation from 
OPC ig-7O-. 


PRODUCTION DATA documents contain information 


specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


current as of publication date. Products conform to TEXAS 
EXAS 


NE DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


HEATSINK 
AND GND 


FUNCTION TABLE 
(EACH NAND DRIVER) 


H 
E H 
H L 


low level 


high level, L = 


He = 
X = irrelevant 


logic symbolt 


1Y 


2Y 
1, 2 CLAMP 
3Y 


4y 
13, 4 CLAMP 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
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SN75435 : 
QUADRUPLE PERIPHERAL DRIVER 
WITH OUTPUT FAULT PROTECTION 


logic diagram (positive logic) schematic of inputs 
Y OUTPUT EQUIVALENT OF EACH INPUT 
Vec eet 
AINPUT Vcc CLAMP 
ENABLE TO ONE 
‘ OTHER DRIVER 
INPUT 
GND -- 


TO THREE 
OTHER DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunny VOnmues ene OF VCC 4808 C08 A)... coe ka a oe Oe Re ae ge Pe eee 7V 
TURNS PO Sally 2 5: SO ene big) CEE ee arene Bea aan Pare eer ares, ecco mearee t ieee rae =f Ss 
Crh Sie Bt teen RCI a ES fase tiicicn weg. ox kao Oe In ob GR EGR Pe en, Toke Oiga dae se 7OV 
COEUR COATT CR cer CRIN SEEN op os foo ke 0 sas 9 8s deca es ee aS GRE Pe ale ee as hae 6 1A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 2075 mW 
Onereting, free-air T6mperature-Tange oo. eS ee tee eye ek be Ps oe wiloe S O°o. ta:70°C 
Se neaTearate TOV INNT MOLAR TREO = or LPNS So a bo a's, acces Bees ee Cees poe les —-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................05008- pal 3D Yas 
NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. 
recommended operating conditions 
ASRS ° Sa 3 eS Aaa eS RS 
| 4758 6.25 
LLL LCS | aa De aR Pes Aaa US ae EE 
amp anyL. te en en ee ae 
ee ee ee en 
ESE ATTN 77 TR RET SUE TOTS AVECES APE 2 FU 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Vik Input clamp voltage Vec = 4.75 V, i = -12 mA | -0.9 -1.5] 


1OH High-level output current 


Vec = 478 V, (OL = 300mA «| —=CiB—CO| 
VoL __ Low-level output voltage 
Vip =2V lo. = 600 mA 0.55 1 


[Ve Output clamp diode forward vortage | Ip = 600mA—SSCSC~—S SC‘ A 
Veo = 8.25. v= 525v | 00110) 
[i _Low-level input current | Vee =828V, w= 08V_+| _-0.8 -10] 
[Tech Supply current, outputs high | Vec=828V. =O —~*«|~—S—S—i 1 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
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switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX} UNIT 
tpLH Propogation delay time, low-to-high-ievel output 


tpH_ Propagation delay time, high-to-low-level output Cy = 30 pF, Ry = 602, 


tTLH Transition time, low-to-high-level output See Figure 1 
tTHL Transition time, high-to-low-level output 


VoH_ High-level output voltage after switching 


INPUT Vcc 30V 
4V 
=e ae er 
i INPUT 
0.7 V 
A OUTPUT 
Sy circuit | ; OV 
PULSE UNDER t t 
GENERATOR TEST leer, Lip} Von 
(See Note A) Cy = 30 pF 90% 190% 
| (See Note B) OUTPUT 150% 50% 
| 
{ Pl ke tTHL —>| petTLH 
* = OPEN - 
TEST CIRCUIT VOLTAGE WAVEFORMS | 


NOTES: A. The pulse generator has the following characteristics: PRR = 100 kHz, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING CHARACTERISTICS 
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QUADRUPLE PERIPHERAL DRIVER 
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PARAMETER MEASUREMENT INFORMATION 


Vs =35V 


a Bate 
2 mH >| | <5 ns <10 ns—pl 


CIRCUIT 
UNDER 


PULSE 
GENERATOR 
(See Note A) 


VOH 
Cy, = 15 pF OUTPUT 
See Note B) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zoyt = 50 0. 
B. Cy include probe and jig capacitance. 


FIGURE 2. LATCH-UP TEST 


RECOMMENDED OPERATING CONDITIONS 


MAXIMUM OUTPUT SUPPLY VOLTAGE 
vs 
LOAD CAPACITANCE 


100 th 


Ta =0°C 3 bi re 
40 eisai (8 2e ole 
iene sem et oii aaa 


Th 
Sai es . 
a =A tt 


S10}ENIOYW/SIBAUG |esoydIag HS, 


Maximum Output Supply Voltage — V 
—_ 
So 


Cc. — Load Capacitance — nF 


FIGURE 3 
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SN75435 
QUADRUPLE PERIPHERAL DRIVER 
WITH OUTPUT FAULT PROTECTION 


TYPICAL APPLICATION DATA 


0.01 uF +5 V 


+Vs 


il 
5 
faa 
=) 
et 
> 2 
” 
a 
@) 
> 
< 
oO 
i?) 
+ 
oO 
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M1 [SHIFT] 
M2 [LOAD] 


cw/CCwt : 
Eee 


STEP COMMAND 


| 
2) 
cif 
s| 
2) 
~"y 
1 
wa 
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he 
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te 

, a 

4-WINDING STEPPER MOTOR CONTROL CIRCUIT © 

® 

es 

.— 

STEP COMMAND bed 

® 

A. 
cw/ccwt 
YA 
YB 

OUTPUTS 

YC 
YD 


TIMING DIAGRAM FOR MOTOR CONTROL CIRCUIT 


TThe SN74LS194 is a universal shift register with both shift-right and shift-left capability. In this application SO (pin 9) is wired high 
and only the shift-right and parallel-load modes are utilized. The logic symbol shown above has been simplified to show only the 
utilized modes. 

+This signal is Cw/CCW or CW/CCW depending on motor winding. 
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SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 


D2806, DECEMBER 1986 


Saturating Outputs with Low On-State NE DUAL-IN-LINE PACKAGE 
Resistance (TOP VIEW) 


@® High-lmpedance Inputs Compatible with 
CMOS, MOS, and TTL Levels 


@ Very Low Standby Power... 21 mW 
Maximum HEATSINK, 


High-Voltage Outputs . . . 70 V Min AND GND 


HEATSINK, 
AND GND 


No Output Glitch During Power Up or Power 3,4D (7 
Down 2 


@ No Latch-Up Within Recommended 


Operating Conditions FUNCTION TABLE 


(each NAND driver) 


OUTPUT 
2 ee SS ee 


@ Output Clamp Diodes for Transient 
Suppression 


@ 2-Watt Power Package f é 
H 
description 

H = high level, 
The SN75436, SN75437A, and SN75438 L = low level, 
quadruple peripheral drivers are designed for use X = irrelevant b 
in systems requiring high current, high voltage, 
and high load power. Each device features four equivalent schematic of each input 


inverting open-collector outputs with a common 
enable input that, when taken low, disables all 
four outputs. The envelope of I-V characteristics 
exceeds the specifications sufficiently to avoid 
high-current latch up. Applications include 
driving relays, lamps, solenoids, motors, LED’s, 
transmission lines, hammers, and other high- 
power-demand devices. 


logic symbolt logic diagram (positive logic, each driver) 


(14) 
GS Y OUTPUT 


D OUTPUT 


A INPUT Vcc 


Peripheral Drivers/Actuators 


(3) oy ENADTE TO ONE 
2A fy 112) 49D OTHER DRIVER 
3 110) iS} sy GND 
(8) TO THREE 
ae 5 ates OTHER DRIVERS 
3,4D 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


SELECTION GUIDE 


PRODUCTION DATA documents contain information tis Copyright © 1986, Texas Instruments Incorporated 
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current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN75436, $N75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 


StS WARD SERS Ae COMER REBT Ne RT Ea acl A TR SD TEA IRS Ea ak Sa TES i SSA SA es POLO, ST EL SE SEBEL Ei 5 TS GS ae se a al SS SR Ree RES ZO | fl 
absolute maximum ratings (unless otherwise noted) 


See NEEM MR ana) ad de HE rie oF GL Ge Winye woke > a, Rh S ee Poe nT ee Bade geet re 
SURIREIE WONG rae ree gps, oh ede een rales mg nepal Vey ce “4, ol le ge BURIED SUDO a -arce een eae chee 30 V 
Ogtout current: ~ SN 75436,. SN75437A (see Note: 1)... .. 0... - eA eas ea eae 0.75 A 

SRP lok sara hay Lk, peed te OR se ain oe code I Meee Peo eee 1.25 A 
Chae it Clara ee CTO es a, fas ces pce eee Gk» @ Stake bs weatalone aoe ape epieee a oie wake 1.25 A 
eT TNE MT | EE a ARES 6) Gilet RNS eer see aOR IEE RST ower mr! “tie ) MOM si i 7OV 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 2075 mW 
Operating wee-om tommermtile TANGO. ...6 6 coe pee @ as bo eae atin ae bay gwd ks Ore to 70°C 
SRE C CN ENON UE BENE 5 5 0G op 4 Poo ge, ok OR MO Ra WIN ee kee po ee —65°C 16 150°C 
Lead temperature 1,6 mm (1/16-inch) from case for 10 seconds.................0:: pene : 1) bal & 


NOTES: 1. All four sections of these circuits may conduct rated current simultaneously; however, power dissipation average over a short 
time interval must fall within the continuous dissipation ratings. 
2. For operation above 25°C free-air temperature, derate linearly to 1328 mW at 70°C at the rate of 16.6 mW/°C. 


recommended operating conditions 


SN75436 SN75437A SN75438 
iad vn [MIN NOM MAX | MIN NOM MAX | MIN NOM MAX] 


Supply voltage, Vcc 4.7 5 -§.25 | 4.75 S- 5.26 | 4.75 6 .-:6:26 V 
Output current, Io. 


5 
Output supply voltage in inductive switching 
circuit (see Figure 2), Vs 
High-level input voltage, Vin 


Low-level input voltage, Vj, 
Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
SN75436 
$N75438 
PARAMETER SN75437A ee UNIT 
MIN TYPt MAX | MIN TYPt MAX 


Vv Input clamp Vcc = 4.75V, ly = -12 mA i 


IK fa Oe ee 
| High-level output current Ye ae mae nee 
| - utpu urr 
geal Vi_ = 0.8 V, Von = 70 V 


lo = 250 mA 0.14 0.25 
lo. = 500 mA 0.28 0.28 0.5 


ol 
~J ; 
io) 
el] < P< 


°o Ls) 
~ 
Le) 


TEST CONDITIONS 


Vec = 4.75 V, 
ViH =2V 


VoL Low-level output voltage 


lol = 750 mA 0.42 0.7 


Vv 
pA 
Vv 
Output clamp diode 
V Vv = 4.76-V, IR = 100 pA 100 70 100 Vv 
RIK) reverse voltage es " 2 Ge i eae ee 
y Output clamp diode lr = 500 mA peed BL AB y 
FIK) forward voltage 
H High-level input current | Vcc = 5.25V, Vj = 5.25V 
: “0.25 10 
et Pa on | 
mA 


| 
| 
| 


°o 
ol 


~ 
oe) 


. 
| Low-level input current Vcc = 5.25 V, Vv; = 0.8 V 
Supply current, 
CCH hese Vcc = 5.25 V, Vy =OV 
outputs high 
Supply current, 
| V = 5.25 V, Vi=5V 


C 
C 


— 
L 
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SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 


switching characteristics, Vcc = 5 V, TA = 25°C 


CL=30F, m=600 [160 500 
See Figure 1 
tTHL Transition time, high-to-low-level output 


Ye = LOV, | lg = 800 mA. 
SN75436 s aS ~10 
R_ = 100 Q, See Figure 2 
L pv 
L 


High-level output voltage, 


VOH 


after switching 


Vs mV 
Vs = 35 V, lo = 500 mA, 
SN75437A S oe, ee Vs—10 mV 
Ry ="-70'9, See Figure 2 
Vs = 35 V, lo = 1A, 
SN75438 S x Ps Vs-10 mV 
Ry = 359, See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


INPUT 2.4V Vcc 30 V 
—-----75 —pii kesSns ari fg 5 10 08 
RL = 600 input | '¥ 90% 90% Ky 
| 10% 14 15 V 1.5.8! og, i 
PES SI circu OUTPUT | 5 
G/Al UNDER —P-tpH. = tPLH oe 


GENERATOR 


(See Note A) ween hs Sites Kon son on 
| OUTPUT TY 10% 10% 42 1 
2 Serpe ep le od ; = ee 
OPEN >| F@tTLH 5m fm! tTHL 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 100 kHz, Zoyz = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING CHARACTERISTICS 


Vs 


nS 
thew 
© 
~ 
is] 
| 
pet 
oO 
= § 
nec: 
~” 
Yu 
® 
2 
i 
Q 
i) 
tus 
® 
ake 
a 
hes 
® 
a 


2 mH 
pa—_— 40 ps ——_____1»>| 
Ri —pi | m-<5 ns —pi |! ei—<10 ns 
ttt tS Oe a 
CIRCUIT 1 IFF90% 90%! | 
PULSE INPUT 1.5V 1.5 V-el 
GENERATOR UNDER OUTPUT 10% 10% ewiak 


(See Note A) TEST 


CL = 15 pF 


j 
GND — 


' 
—— 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 2. LATCH-UP TEST 
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SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


MAXIMUM COLLECTOR CURRENT 
vs 
DUTY CYCLE 


ic — Maximum Collector Current—A 


Ic —Maximum Collector Current—A 


5-66 


Ta = 25°C 
1/N = Number 
of Outputs 
0.9 Conducting 
; Simultaneously 


0-8 len75436, sN75a37Al |S 
re ee ee 
Se Bie ake So 


0 10 20 30 40 50 60 70 80 90 100 


Duty Cycle—% 
FIGURE 3 


MAXIMUM COLLECTOR CURRENT 
vs 
DUTY CYCLE 


Conducting Simultaneously 


0.4 
0 10 20 30 40 50 60 70 80 90 100 


Duty Cycle—% 
FIGURE 4 
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SN75436, SN75437A, SN75438 
QUADRUPLE PERIPHERAL DRIVERS 


TYPICAL APPLICATION DATA 


45 V 
0.01 uF 1k] 
Vcc 
= 2 ae +5 V +VS§ 
CLR me 
cw/CCw $1 aa M1 [SHIFT] Vcc Ri 
CLK M2 [LOAD] 
STEP COMMAND pervs. 


FIGURE 5. 4-WINDING STEPPER MOTOR CONTROL CIRCUIT 


Peripheral Drivers/Actuators oe 


STEP COMMAND 
Cw/CCWw 
Y1 
Y2 

OUTPUTS 
Y3 


v4 | 
FIGURE 6. TIMING DIAGRAM 
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SN75440 
QUADRUPLE PERIPHERAL DRIVER 


D2872, JANUARY 1985—REVISED SEPTEMBER 1986 


Saturating Outputs with Low On-State NE DUAL-IN-LINE PACKAGE 
Resistance (TOP VIEW) 


@ High-Ilmpedance Inputs Compatible with 
CMOS, MOS, and TTL Levels 


@ Very Low Standby Power ... 21 mW 
Maximum 


High-Voltage Outputs ... 70 V Min 


No Output Glitch During Power Up or Power 
Down 


@ No Latch-Up Within Recommended FUNCTION TABLE 
Operating Conditions 


INPUTS | OUTPUT 


INPUTS _ 
Ca a 


L H L 
H Xx H 
X L H 


@ Output Clamp Diodes for Transient 
Suppression 


2-Watt Power Packages 


Direct Replacement for National 


Semiconductor DS3669 H = high-level 
L = low-level 
X = irrelevant 


5 


description 


The SN75440 quadruple peripheral driver is 
designed for use in systems requiring high 
current, high voltage, and high load power. Each 
device features four noninverting open-collector 
outputs with a common enable input that, when 
taken low, disables all four outputs. The 
envelope of I-V characteristics exceeds the 
specifications sufficiently to avoid high-current 
latch up. Applications include driving relays, 
lamps, solenoids, motors, LEDs, transmission 
lines, hammers, and other high-power-demand 
devices. 


logic symbols (alternatives) t 


Peripheral Drivers/Actuators 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


PRODUCTION DATA documents contain information : Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to U 
specifications per the terms of Texas Instruments TEXAS 5-69 
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SN75440 
QUADRUPLE PERIPHERAL DRIVER 


equivalent schematic of each input 


logic diagram (each driver, positive logic) 


Y OUTPUT 
Vv 
AINPUT YCC CLAMP 


> 


TO ONE 


ENABLE OTHER DRIVER 


G 


TO THREE 
OTHER DRIVERS 


absolute maximum ratings (unless otherwise noted) 


si0}enj}Oy/SsisAUg jesoudiusgd 


SU MOEN CAE oh aeg 5 255. Soe Sak Rokk Rae we We Ee wh ae Le eee, Bee or a ene oe aha 7¥ 
WIE OURS Sas nee weeds 0 0 SS SS Sa wk cds 2s gue WERT anes cA Wate Ee ee ee 30 V 
OU erE PIPL EE ES PALE PY. a oe Shae vk os ee ek Ee en i de nee 0.75 A 
CIRRERIESE Clears MEETS Saas oe nee eure ns oe ae EP ne ee nee a SR Pe Gres 1A 
ELIE NC a UTED. cise oS hero ore 8 ce ee eh ance ae ee ee ee RS. eats 70 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 2075 mW 
OROratiNed Virsa OCtiOn MOM BOLMtUe 60 ere. he oS a en le oer gies 150°C 
ORO he ate aC aM a 5 ok err hu ace 6 von ne ee) care ERS hg Pe eee —-65°C to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds...................... 260°C 


NOTES: 1. All four sections of these circuits may conduct rated current simultaneously; however, power dissipation averaged over a 
short time interval must fall within the continuous dissipation ratings. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. 
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SN75440 
QUADRUPLE PERIPHERAL DRIVER 


recommended operating conditions 


Ro 
pupomeS Soe eee aa to eee 

: 
ad 


o1 


Low-level input voltage, Vj, RRS TS 
Operating free-air temperature, TA 0 404: See 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS 
Vv Input clamp voltage Vec = 4.75 V, ly} = -—12 mA 


= | Giese 2 ee" SB 
, ae i Vcc = 4.75 V ViH = 2V, 
3 n 
OH igh-level output curre ViL = 0.8 V, VoH = 70 V 


VoL Low-level output voltage 


pais 108! 8 = 


Voc = 825V, Vin = 2V ee 


' Soa) eee Vcc = 5.25 V, Vin = 2V, 
u current, outputs low 
CCL pply p ViL = OV 


T All typical values are at Vcc = 5 V, Ta = 25°C. 


V 

pA 

V 

VR(D) Output clamp diode reverse voltage Vcc = 4.75 V, IR = 100 pA 70 100 V 
V 

: pA 

= uA 

mA 
A 


switching characteristics, Vcc = 5 V, TA = 25°C 


PA ipkitens = 45 2) Input 

tPpLH Propagation delay time, low-to-high-level output RL = 602, 
npu 

7 

tpH_ Propagation delay time, high-to-low-level output C_ = 30 pF, 


tTLH Transition time, low-to-high-level output Peiac he eee aoe ea 
= : : See Figure 1 
tTHL ‘Transition time, high-to-low-level output Satcher a 


; DS he Vs = 35V, Io = 500 mA, 
VOH__— High-level output voltage, after switching : 
R_ = 70Q, See Figure 2 
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SN75440 
QUADRUPLE PERIPHERAL DRIVER 


PARAMETER MEASUREMENT INFORMATION 


A=0V 
INPUT G=-2.4vV Vcc 30 V 
@ R_ = 609 
| 
CIRCUIT 
PULSE yo 
GENERATOR 
(See Note A) 
| 
OPEN 
TEST CIRCUIT 


NOTES: A. The pulse generator has the following characteristics: PRR < 100 kHz, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


5 us 


OUTPUT 


$10}BN}OyW/SIBAUG jessydUed e 


A nig com AE 


VOLTAGE WAVEFORMS 


FIGURE 1. SWITCHING CHARACTERISTICS 
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OUTPUT 


Cy, = 30 pF 
(See Note B) 


: SN75440 
QUADRUPLE PERIPHERAL DRIVER 


PARAMETER MEASUREMENT INFORMATION 
Vs =35V 


2 mH 


70 


PULSE 


GENERATOR 
(See Note A) CIRCUIT OUTPUT 
UNDER 
C, = 15 pF 
(See Note B) 
; SUB 
! 
— “<eF = = 
NOTES: A. The pulse generator has the following characteristics: PRR < 12.5 kHz, Zoyt = 50 Q. 

B. Cy includes probe and jig capacitance. a 
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VOLTAGE WAVEFORMS 
FIGURE 2. LATCH-UP TEST 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 


D2481, DECEMBER 1978—REVISED FEBRUARY 1987 


@ Very Low Power Requirements SN75446, SN75447, SN75448, SN75449 . . . D OR P PACKAGE 
TOP VIEW 
@ Very Low Input Current 
@ Characterized for Use to 350 mA 
@ No Output Latch-Up at 50 V (After 
Conducting 300 mA) 
@ High-Voltage Outputs (70 V Min) 
FUNCTION TABLES 
Output Clamp Diodes for Transient 
Suppression (350 mA, 70 V) SN76446 
(EACH AND DRIVER) 
@ TTL- or MOS-Compatible Diode-Clamped 
Inputs 
a S| Y 
Standard Supply Voltage H H H 
Suitable for Hammer-Driver Applications L X L 
Xx L L 
description 
SN75447 
Series 75446 dual peripheral drivers are (EACH NAND DRIVER) 
designed for use in systems that require high 
current, high voltage, and fast switching times. 5 
The SN75446, SN75447, SN75448, and Wes SS ee 
SN75449 provide AND, NAND, OR, and NOR ee . 
drivers, respectively. These devices have diode- s - 4 
clamped inputs as well as high-current, high- x L A 
voltage inductive-clamp diodes on the outputs. 
SN75448 
Series 75446 drivers are characterized for (EACH OR DRIVER) 
operation from O°C to 70°C. 
schematics of inputs and outputs ene 6 | Y 
H Xx 


EQUIVALENT TYPICAL 


H 
X H H 
L k E 
OF EACH INPUT OF ALL OUTPUTS 


CLAMP SN75449 
(EACH NOR DRIVER) 


INPUTS OUTPUT 
y 


H X L 
X H L 
L L H 


H = high level 
L = low level 
X = irrelevant 


Vcc 


2) 
i 
© 
~~ 
© 
| 
Pe) 
oO 
= § 
— 
Yn 
dae: 
® 
= 
Box, 
OQ 
rc) 
dees 
® 
pe 
7 
Faw 
® 
a. 


OUTPUT 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 


logic symbolst logic diagrams (positive logic) 
SN75446 oeiaare (3) 
2Y 
CLAMP 
GND 


positive logic: Y = AS or A+S 


SN75447 SN75447 (3) 
1Y 


2Y 


CLAMP 


5 


GND 
positive logic: Y = AS or A+S 


SN75448 SN75448 (3) 
1Y 


2Y 


CLAMP 


GND 


positive logic: Y=A+SorAS 


s1i0}en}OYy /SIBAUG je19ydiued . 


SN75449 SN75449 13, 
2Y 
CLAMP 
T These symbols are in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
GND 


positive logic: Y=A+SorAS 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 


a 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply Vonade VC-e be Note NaC 9uon Saar Ne dc oh kk BS LA 7¥ 
HB gUeRt REGIE eects sect alhe ara FU PES ek dsc 8 he ee ep eedon ta arp ge tying ralunaniiin 5: 4 
Output current (eee Note: 2) 2.26). 08F 28 eels 2 wine ie atoebl cine eiotnud sehaionmes: 400 mA 
VUtbul Gia nmecante-CUnent).-. ..-. lf awall aoe yl ool Syst 2s RU Up steno 400 mA 
Continuous total dissipation at (or below) 
25°C free-air temperature (see'Note 3): D package ..................cecccceeee 725 mW 
PGR AGG ts ss. cn. ys Res us CPA oh oe Le 1200 mW 
otinege tenameratite Tange” oj. 6 ho. 5a cu Va See. os Re eS es ~ 65°C to 16626 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.......:.............. 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short 
time interval must fall within the continuous dissipation ratings. 
3. For operation above 25°C free-air temperature, derate the D package at the rate of 5.8 mW/°C and the P package at the 
rate of 9.6 mW/°C. 


recommended operating conditions 


a EE PIER Es SE PRT eerie OS Re 
Supply voltage, Vcc 4.75 5 
High-level input voltage, Viy 2 
Low-level input voltage, Vj, 

Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS 
Vv Input clamp voltage ly = -—12 mA 


IK 
V = 4.75V, Vin = 2V, 
IOH High-level output current sad 


Vit = 0.8 V, VOoOH = 70 V 
VOL Low-level output voltage 


lo = 100 mA 0.10 0.3 
loL = 200 mA 0.22045 | | 


_ 
N 
o 


Ol 


) 


MIN TYPt MAX 


lo. = 300 mA 0.45 0.65 


lo. = 350 mA 0.65 . 0.75 


Vee =475V. lon= 100A | 70 100 —*| v 
Voc = 478 V. In = 100A oe 
Vee = 475V, ip = 360mA | 06 


WS as 
- i V ==B 12 5 Ew Ore 
HL nhc apborecs: Sah Strobe S af 


SN75446 
SN75447 
Vcc = 5.25 V 
SN75448 
SN75449 
SN75446 
447 
Vee = 5.25 V 
SN75448 
SN75449 


T All typical values are at Vcc = 5 V, Ta = 25°C. 


NO 
oO 
GEGe 


| 

NO gj 
= = 
ny : 


ICCH Supply current, outputs high 


N 
oO 
Oe 
> 


_— 
© 
NO 
oa 


ICCL Supply current, outputs low 


—_i — 
loo} Mee) 
NO 
ol 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 


switching characteristics, Vcc = 5 V, TA = 25°C 


P8005 5980 f oe | 
CL = 15 pF, RL = 1008, 200 600 | ne _| 
Soe Figinb. Po cme eo aie | 


Vs = 55 V, Io =300 mA, 
VoH High-level output voltage after switching S ie es ; Vs -0.018 V 


PARAMETER MEASUREMENT INFORMATION 
INPUT 2.4V Vcc 30 V 


gin [-----. 


SN75447 | 


R~_ = 100 2 


OUTPUT 
PULSE | CIRCUIT 
UNDER 
GENERATOR S/A west 
(See Note A) CL = 15 pF 
(See Note B) 


SN75448 | 
SN75449 


Ta Be ee 
0.4V 3 


TEST CIRCUIT 


2.7V 


SN75446 INPUT 1.5 V 
SN75448 


SN75447 


INP 
SN75449 er 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 100 kHz, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING CHARACTERISTICS 
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SN75446 THRU SN75449 
DUAL PERIPHERAL DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vs =55V 


2.4V 


2 mH 
SN75446 
SN75447 
180 2 
PULSE 
GENERATOR CIRCUIT 
(See Note A) UNDER OUTPUT 
TEST 
C, = 15 pF 


SN75448 
SN75449 


| (See Note B) 


TEST CIRCUIT 


5 


” 

es 

S 

SN75446 ous © 
SN75448 5 
ar) 

© 

< 

” 

® 

SN75447 

sn7544g 'NPUT 2 
: the 

a 

CS 

ome 

2 
VOH a. 

‘i 

OUTPUT @ 

A. 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 2. LATCH-UP TEST 
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SN55450B THRU SN55454B 
SN75451B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 


D2217, DECEMBER 1976—REVISED SEPTEMBER 1986 


PERIPHERAL DRIVERS FOR SN55450B . . . J PACKAGE 
HIGH-CURRENT SWITCHING (TOP VIEW) 
AT VERY HIGH SPEEDS 


Characterized for Use to 300 mA 


@ High-Voltage Outputs 
@ No Output Latch-Up at 20 V (After 
Conducting 300 mA) 
@ High-Speed Switching 
@® Circuit Flexibility for Varied Applications SNOG450B.. . . FK- PACKAGE 
(TOP VIEW) 
® TTL-Compatible Diode-Clamped Inputs es 
Oo. 6 
@ Standard Supply Voltages =oZ>A 
@ New Plastic DIP (P) with Copper Lead 3 1 20 19 


Frame Provides Cooler Operation and 1¥ 94 18 |] 2Y 
improved Reliability Nc 5 17Q,NC 
1B U6 16|} 2B 


@ Package Options Include Plastic ‘’Small 
Outline’’ Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 


NC {7 15L]NC 
1C {]8 14[} 2C 


5 


9 1007 -42:13 
DIPs ee ome) 18 oe 
woQgoda wu 
7 2a 
SUMMARY OF SERIES 55450B/75451B © ” 


SN55451B, SN55452B, 
SN55453B, SN55454B ... . JG PACKAGE 
SN75451B, SN75452B, 
SN75453B, SN75454B . .. D OR P PACKAGE 


(TOP VIEW) 


Peripheral Drivers/Actuators | 


SN75454B 
SN55451B, SN55452B, 
TWith output transistor base connected externally to output of gate. SN55453B, SN55454B, . . . FK PACKAGE 
(TOP VIEW) 
. . oO 
description ee Ce 
. , , FA ae ae 
Series 55450B/75451B dual peripheral drivers SOCIO 
3 2 tk 20019 


are a family of versatile devices designed for use 


in systems that employ TTL logic. This family is NC jJ 4 18L] NC 
functionally interchangeable with and replaces I1BYS 17 2B 
the 75450 family and the 75450A family NC [J 6 16[] NC 
devices manufactured previously. The speed of 1¥ 7 15[J 2A 
the 55450B/75451B family is equal to that of NC {8 14U,NC 
the 75450 family, and the parts have been 
designed to ensure freedom from latch-up. OOU0>”v 
Diode-clamped inputs simplify circuit design. <2 


NC —No internal connection 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


PRODUCTION DATA documents contain information ais Copyright © 1981, Texas Instruments Incorporated 
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SN75451B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 


NIRS ey OES ERT CG HA eS ARR DS SR BTD 
description (cont'd) 


Typical applications include high-speed logic buffers, power drivers, relay drivers, lamp drivers. MOS drivers, 
line drivers, and memory drivers. 


The SN554508B is a unique general-purpose device, featuring two standard Series 54 TTL gates and two 
uncommitted, high-current, high-voltage n-p-n transistors. The device offers the system designer the 
flexibility of tailoring the circuit to the application. 


The SN55451B/SN75451B, SN55452B/SN75452B, SN55453B/SN75453B, and SN55454B/SN75454B 
are dual peripheral AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic), with the 
output of the logic gates internally connected to the bases of the n-p-n output transistors. 


Series 55450B drivers are characterized for operation over the full military range of —55°C to 125°C. 
Series 75451B drivers are characterized for operation from O°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SN55451B SN75451B 

SN55452B SN75452B 

SN55453B SN75453B 

SN55454B SN75454B 
| Supply voltage, Vcc (see Note 1) 


Supply voltage, Vcc (see Note 1) 


Collector-emitter voltage (see Note 3) 


Peak collector or output current 
(tw = 10 ms, duty cycle < 50%, (see Note 4) 


D package 


° 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 5) 


Operating free-air temperature range 
Storage temperature range 
Case temperature for 60 seconds FK package 


Lead temperature 1,6 mm 
(1/16 inch) from case for 10 seconds 


$10} eN}OVy /S1BAUG jesoydueg 


° ° 
Cae aN |S 9p 


° 
2) 


NOTES: 1. Voltage values are with respect to the network ground terminal unless otherwise specified. 

. This is the voltage between two emitters of a multiple-emitter transistor. 

. This value applies when the base-emitter resistance (Rpg) is equal to or less than 500 0. 

. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a 
short time interval must fall within the continuous dissipation rating. , 


. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
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DUAL PERIPHERAL DRIVERS 


Cat eS RT NE pt a Se ee th Se MIB Cs Te en BT a SLs Oe SI Eat So IS Op a ew RT a TA as SIT ROT 
DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR Ta 


725 mW 5.8 mW/°C 


PACKAGE 


1375 mW 11.0 mW/°C 
1375 mW 11.0 mW/°C 
1050 mW 8.4 mW/°C 


1200 mW 9.6 mW/°C 
recommended operating conditions (see Note 6) 


SERIES 55450B SERIES 75451B 
MIN NOM MAX] MIN NOM MAX 


Supply voltage, Vcc | 4B BB tabs 8 ee 


Low-level input voltage, Vj, 
Operating free-air temperature, Ta 


NOTE 6: For the SN55450B only, the substrate (pin 8) must always be at the most negative device voltage for proper operation. 
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SN55450B 
DUAL PERIPHERAL POSITIVE-AND DRIVER 


logic symbolt schematic 
Voce 
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
logic diagram (positive logic) 
S 
1Y 1B (5) ic UB 
1A 
1E 
G SUB 
2c 
2A oF 
2B 
positive logic: GND 


Y = AG or A+G (gate only) 
C = AG or A+G (gate and transistor) 
Pin numbers shown are for the J package. 


Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 
TTL gates 


¢ SN55450B 
PARAMETER TEST CONDITIONS MIN TYP§ MAX UNIT 


K Input clamp voltage Vcc = MIN, ly = -12 mA Sr Gao 7: 


Vi 
V = MIN, Vit = 0.8 V, 
VoH High-level output voltage : ce eae IL 2.4 3.3 
of = = (a 
Vv = MIN, Vin = MIN, 
VOL Low-level output voltage ; ce 1a ek IH 0.25 0.5 
oO. = m 
input current at maximum ee ee ee 
: input voltage ocmlatiies are ps 
FR ee eS, 
sb sae as Mesa ogee alae ce ee 
| Gee ELT 25 
He Low-level input current Vcc = MAX, 0.4 -32 mA 


Vi = 
a3 Vi - 
Vi = V 
los Short-circuit output current Vcc = MAX, _Vo = 0 [.-18  — -35_ = 55 | mA 
Vi; = 5V 


CC 
ICCH Supply current, outputs high Vcc = MAX O 
ICCL Supply current, outputs low Vcc = MAX, 5 7 11 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vcc = 5 V, Ta = 25°C. 
{Not more than one output should be shorted at a time. 
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SN55450B 
DUAL PERIPHERAL POSITIVE-AND DRIVER 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


output transistors 


PARAMETER 


Collector-base 


TEST CONDITIONSt 


Ic = 100 pA, Ig = 0 


V 
(BR)CBO breakdown voltage 


[| SNGB450B 
| MIN, TYP# MAX __ 
anes Collector-emitter oh iA Ble = Sn 
breakdown voltage 
Vv Emitter-base i a 4G eS ee 
(BREBO breakdown voltage E eee’ 
eee se ee 
TORS Re eae patae eae be ee 
COS. | Re ae ek 
ee 5S ee ee ca 


Vce = 3V, Ta = 25°C Ic = 100 mA} 25 
Static forward current See Note 7 Ic = 300 mA; = 330 
Ic = A 


transfer ratio Vce = 3 V, Ta = MIN, c = 100 m 
See Note 7 Ic = 300 mA 


B = 10 mA, Ic = 100 mA, See Note 7 
B = 30 mA, Ic = 300 mA, See Note 7 
B 


lg = 10 mA, Ic = 100 mA, See Note 7 0.25 0.5 


Ip = 30 mA, Ic = 300 mA, See Note 7 


fo) 
10.9) 
ol 
ib 
ho 


I 
VBE Base-emitter voltage 


Collector-emitter 


= 
BS 


VCE(sat) 


saturation voltage 


O1 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 7: These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 


switching characteristics, Vcc = 5 V, Ta = 25°C 
TTL gates 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Propagation delay time, 
tPLH : 
low-to-high-level output 
Propagation delay time, 
tPHL |. 
high-to-low-level output 
output transistors 


PARAMETER TEST CONDITIONS$ MIN TYP MAX | UNIT 
t Delay tim 
ise time 
" St VBE(off) = —1V. 
7 
- See Figure 2 
tt Fall time 


§ Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


Ri = 400 Q, See Figure 1 


” 
kes 
© 
~— 
© 
-_ 
oe 
Oo 
<x 
~~ 
” 
hes 
® 
Zs 
kes 
Q 
i) 
bn 
® 
£ 
2 
Bes 
® 
a 


2 (Pe 


gate and transistors combined 


Ic = 200mA, C= 18 oF, 
RL = 509, Seo Figure 3 


VOH High-level output volt ft itchi Vs = 20V, Ic = 300 mA, Rey 

é. r SWI in Aa 
@) ign-ievel Output voitage aiter s Cc g ine =5 eee Figure 4 S 
4 
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SN55451B, SN75451B 
DUAL PERIPHERAL POSITIVE-AND DRIVERS 


logic symbolt logic diagram (positive logic) 


(3) 


1Y 


(1) 


1A 
1B 


2A 
2B 


2Y 


TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


GND 


FUNCTION TABLE 


H DRIVER : : 
: sot in schematic (each driver) 


Vcc 
L (on state) 4kQ 130 2 
L (on state) 
L (on state) 
H (off state) 
positive logic:___ A ¢ 
Y = ABor A+B 
B 


Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


-_ Suseasis___} _SN74518 __ B 
PARAMETER TEST CONDITIONS# UNIT 


Vik Input clamp voltage Vcc = MIN, —12 mA -1.2 -1.5 -1.2 -1.5 


Vv MIN, = 
IOH High-level output current eal Ts alae 300 00 
VOH = 30 V 


Vcc = MIN, Vit = 0.8 V, 
lo. = 100 mA 
Vec = MIN, Vit = 0.8 V, 
lo. = 300 mA 


I Input current at maximum input voltage =e t MAX, Vj = 5.5 V come Shed Deeks 


VoL Low-level output voltage 


Tin Hightevelinputeurrent =| Veg = MAK V=24V [40 
Voc = MAX, Vj = 04V SEE: 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditons. 
§ All typical values are at Vcc = 5 V, Ta = 25°C. 


switching characteristics, VCC = 5 V, Ta = 25°C 


9 = 200mA, CL = 15 pF 
= 


= 20 V, lo = 300 mA, 
VOH High-level output voltage after switching es bigued 4 Veo=-6.5 mV 
TEXAS a 
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Vcc = MAX, Vj =5V 
Vcc = MAX, Vj =0 


SN55452B. SN75452B 
DUAL PERIPHERAL POSITIVE-NAND DRIVERS 


logic symbolt logic diagram (positive logic) 


3 
(1) ws 


1A 1Y 


1B 


2A 
2B 


2Y 


tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


GND 
FUNCTION TABLE 


(EACH DRIVER) 


schematic (each driver) 


H (off state) 


H (off state) 
H (off state) 
L (on state) 


positive logic: 
Y = ABor A+B 


Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


SN75452B 
Vik Input clamp voltage Vcc = MIN, ly} = -12 mA ~Le ~ 15 “1.22=1.5 V 


Vcc = MIN, Vit = 0.8 V, 
loH High-level output current Ce 300 
VOH = 30 V 


Wan IM Vie MING 
cc IH O25 “56 0.25 
loL = 100 mA 
Vcc = MIN, z 

cc MeN, ie > 08 
Io. = 300 mA 


Voc = MAX, 
Voc = MAK, 
Vc = MAX, 
Voc = MAK, 


+For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vcc = 5 V, Ta = 25°C. 


VoL Low-level output voltage 


switching characteristics, Vcc = 5 V, Ta = 25°C 


2435 [ ns 
<7 
eae SSS RCTS 


Vs = 20 V, lo = , 
VOH High-level output voltage after switching Has Figure 4 oe Vs-6.5 


4 
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MIN TYP MAX | UNIT 


lo = 200 mA, 
Ri = 509, 


CL = 15 pF, 
See Figure 3 
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SN55453B, SN75453B 
DUAL PERIPHERAL POSITIVE-OR DRIVERS 


logic symbolT logic diagram (positive logic) 


(3) 


1Y 


(1) 


1A 
1B 
2A 
2B 


2Y 
TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


GND 
FUNCTION TABLE 


(EACH DRIVER) 


L (on state) 
H (off state) 
H (off state) 
H (off state) 


positive logic: he 
Y = A+Bor AB 


5 


Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
PARAMETER TEST CONDITIONS* | _SN55453B_ | el eka UNIT 
MIN typ MAX| MIN Typ MAX 


Vik Input clamp voltage Vcc = MIN, 

Vcc = MIN, Vi = MIN, 
VOH = 30 V 

Vcc = MIN, Vit = O. 
lo. = 100 mA 

Vcc = MIN, Vit = O. 
lo. = 300 mA 


Veg = MAX, Vi = 5: 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
8 All typical values are at Vcc = 5V, Ta = 25°C. 


lIoH High-level output current 


VoL Low-level output voltage 


si0}enjoOy/SisAUg jeseudied 


switching characteristics, Vcc = 5 V, Ta = 25°C 


ma Ca 
Io = 200mA, C= 15 pF, [182 ne 
R= 500,  SeoFigue3. © [~~ 8 | ne 
sont er we 
Vs = 20V, Io =~ 300 mA, 
See Figure 4 i ates 


VOH_ High-level output voltage after switching 
ae 
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SN55454B, SN75454B 
DUAL PERIPHERAL POSITIVE-NOR DRIVERS 


logic symbolt logic diagram (positive logic) 
(3) 


(1) ay 


1A 
1B 


2A 
2B 


TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


FUNCTION TABLE 
(EACH DRIVER) 


H (off state) 


L (on state) 


L (on state) 
L (on state) 


positive logic: 
Y = A+Bor AB 


Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS? = SN75454B 
MIN TYP MAX| MIN TYPS MAX 


Vik Input clamp voltage Vec = MIN, 1) = -12 mA —1.2 -1.5 -1.2 —1.5 


: Vcc = MIN, Vi = 0.8 V, 
lIoH High-level output current 300 pA 
VOH = 30 V 


Vec = MIN, Vin = MIN, 


0.25 0.5 0.25 0.4 
VoL Low-level output voltage loL = 100 mA 
Vcc = MIN, ON. 
cc ViH = MIN ag oF oo Pease 
lol = 300 mA 


Vero MAN WieeeV | st) 
Voc= MAK We ae [ae a 
Voc = MAX, w= 04v | -1 -1.6[ _-1 -16 
Voc = MAX, Vi = 0 13 


IccL Supply current, outputs low Vcc = MAX 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vcc = 5 V, Ta = 25°C. 


switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpLH Propagation delay time, low-to-high-level output 27 35 
tpH_ Propagation delay time, high-to-low-level output lo = 200 mA, Ci = 15 pF, 24 35 
4 12 


tTLH Transition time, low-to-high-level output Ri = 509, See Figure 3 Gees 
tTHL Transition time, high-to-low-level output Robe Sa ee. 


: Stee Vs = 20V, lo = 300 mA, 
igh-level output voltage after switching oe m 
VOH_ High-level output volta fte tchin See Figure 4 Vs-6.5 Vv 
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SN55450B 
DUAL PERIPHERAL DRIVER 


PARAMETER MEASUREMENT INFORMATION 


hers ass ibe thst ns 


INPUT OUTPUT 
2. Vcc 5V 


PULSE 
GENERATOR 
(See Note A) 


(See Note C) 


C. = 15 pF 
(See Note B) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, Zoyt = 50 2. 
B. C, includes probe and jig capacitance. 
C. All diodes are 1N3064. 


FIGURE 1. PROPAGATION DELAY TIMES, EACH GATE (SN55450B ONLY) 


5 ke————--0.3 us————> 
| en ie pen, saps’ lies, tt 
1V 10 V | 50% ot 3V 
1k2 INPUT 15 Vy : i*1.5 V 
OUTPUT a ‘ee OV 
WH <5ns | le-<5 ns 
0.1 uF | ' 
GENERATOR Big adhe id ow tle 
(See Note A) . C. = 15 pF —p| tr je pe tel 
ae (See Note B) at Ears Von 
OUTPUT | 
oe 90% 90% 
ee a ae ar ae 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: duty cycle < 1%, Zoyz = 50 Q. 
B. Cy includes probe and jig capacitance. 


FIGURE 2. SWITCHING TIMES, EACH TRANSISTOR (SN55450B ONLY) 


s1i0}enjoy/SsisAUg jesoyudiued 
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SN55450B THRU SN55454B 
SN75451B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


_ le-<5 ns > ie<10ns 
| 


INPUT g4y 10V 
55450B 


CIRCUIT 
UNDER 


GENERATOR 
(See Note A) 


Cy = 15 pF 


| 
(See Note C) Ke *PHL->j i *PLH—9} 
" | VOH 
90% 
0.4V = + = = 
OUTPUT 
Ret pe ti -VOL 
ke tTHL trLH mole 
TEST CIRCUIT VOLTAGE WAVEFORMS 


ae 


NOTES: A. The pulse generator has the following characteristics: PRR s 1 MHZ, Zou = 50 0. 
B. When testing SN55450B, connect output Y to transistor base and ground the substrate terminal. 
C. Cy, includes probe and jig capacitance. 


FIGURE 3. SWITCHING TIMES OF COMPLETE DRIVERS 


Vs =20V 


2 mH 


65 2 
OUTPUT 


GENERATOR 
(See Note A) 


Peripheral Drivers/Actuators 


Cy = 15 pF 
(See Note C) 


! 
u4Vv = oa = OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR < 12.5 kHz, Zoyt = 50 2. 
B. When testing SN55450B, connect output Y to transistor base with a 500-0 resistor from there to ground, and ground the 
substrate terminal. 
C. Cy includes probe and jig capacitance. 


FIGURE 4. LATCH-UP TEST OF COMPLETE DRIVERS 
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SN55450B THRU SN55454B 
SN75451B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 


TYPICAL CHARACTERISTICS 


SN55450B SN55450B 
TTL GATE TRANSISTOR 
HIGH-LEVEL OUTPUT VOLTAGE STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
HIGH-LEVEL OUTPUT CURRENT COLLECTOR CURRENT 
2 100 
g | vees3V | Tt 4 4 
> © 90 See Note 7 
| 
S S 80 
2 = 
o) = 
= = 70 
3 E 60 
5 E 
@) =] 
sa © 50 
3 rs i 
= S 40 & 
= ic 30 
2 
a. s 20 
$ % 
5 w 10 
Te 
50 
0 -5 -10 —15 -—20 -—25 -—30 -—35 —40 10 20 40 70 100 200 400 
- 1OH—High Level Output Current—mA I¢c—Collector Current—mA 
= 
my FIGURE 5 FIGURE 6 
Ko 
© 
Px} SN55450B 
_ TRANSISTOR TRANSISTOR 
Sey.) BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
® COLLECTOR CURRENT COLLECTOR CURRENT 
~” 
— 
> 
i?) 
s 
. 
pe) 
= 
2) 
= 
~” 


0.2 


VpeE—Base-Emitter Voltage—V 


© 


VCE(sat)—Collector-Emitter Saturation Voltage—V 


0 0 
10 20 40 70 100 200 400 10 20 40 70 100 200 400 
I¢—Collector Current—mA I¢—Collector Current—mA 


FIGURE 7 FIGURE 8 


NOTE 7: These parameters must be measured using pulse techniques, tw = 300 us, duty cycle <2%. 
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SN75461 THRU SN75463 
DUAL PERIPHERAL DRIVERS 


D2218, DECEMBER 1976—REVISED SEPTEMBER 1986 


PERIPHERAL DRIVERS FOR HIGH-VOLTAGE, SN55461, SN55462, 


HIGH-CURRENT DRIVER APPLICATIONS SN55463, SN55464 . . . JG PACKAGE 
SN75461, SN75462, 
SN75463 ... D OR P PACKAGE 


Characterized for Use to 300 mA 


(TOP VIEW) 


High-Voltage Outputs 


No Output Latch-Up at 30 V (After 
Conducting 300 mA) 


Medium-Speed Switching 


Circuit Flexibility for Varied Applications and SN55461, SN55462, 
Choice of Logic Function SN55463, SN55464, .. . FK PACKAGE 


(TOP VIEW) 
TTL-Compatible Diode-Clamped Inputs 


Standard Supply Voltages 


New Plastic DIP (P) with Copper Lead 
Frame for Cooler Operation and Improved 
Reliability 


@ Package Options Include Plastic ‘’Small 
Outline’’ Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 
DIPs 


SUMMARY OF SERIES 55461/75461 


DEVICE [ocic | PACKAGES | 
EC 
SN55462 NAND FK,JG 
sssa63_ | —oR_—~+dYS—SCS*KAG 
AND 


NC—No internal connection 


Tsnssaca | NOR «dK 
Pgursaet f AND, eb 
Csn7saez_[_NAND| iP 
eee qo On eT 


description 


These dual peripheral drivers are functionally interchangeable with SN55451B through SN55454B and 
SN75451B through SN754538B peripheral drivers, but are designed for use in systems that require higher 
breakdown voltages than those devices can provide at the expense of slightly slower switching speeds. 
Typical applications include logic buffers, power drivers, relay drivers, lamp drivers, MOS drivers, line drivers, 
and memory drivers. 


The SN55461/SN75461, SN55462/SN75462, SN55463/SN75463, and SN55464 are dual peripheral 
AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic), with the output of the gates 
internally connected to the bases of the n-p-n output transistors. 


Series 55461 drivers are characterized for operation over the full military temperature range of —55°C 
to 125°C; Series 75461 drivers are characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information Copyright © 1981, Texas Instruments Incorporated 
asin as of agers date. He mcg conform to 4 

specifications per the terms of Texas Instruments 
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SN55461 THRU SN55464 
SN75461 THRU SN75463 
DUAL PERIPHERAL DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) Rite: 3 Ae 
input voltage eae 2 Sees 


SN55461 
SN55462 
SN55463 
SN55464 


SN75461 
SN75462 
SN75463 


Peak collector or output current acs 
(tw < 10 ms, duty cycle s 50%, see Note 3) 

epee oe eee ee eee 
Pekpeegs | A eel. 
ype ae ee 
[Ppackigh 2 So eo oe | 
ee 


Lead temperature 1,6 mm 

JG package 
(1/16 inch) from case for 60 seconds 
Lead t erature 1,6 mm 


NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise specified. 
2. This is the voltage between two emitters of a multiple-emitter transistor. 
3. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a 
short time interval must fall within the continuous dissipation rating. 
4. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 4) 


DISSIPATION DERATING TABLE 


POWER ODERATING ABOVE 
RATING FACTOR Ta 
725 mW 5.8 mW/°C 


PACKAGE 


1375 mW 11 mW/°C 
1050 mW 8.4 mW/°C 
1200 mW 9.6 mW/°C 


recommended operating conditions 


SN55461 SN75461 
THRU SN55464 THRU SN75463 UNIT 


pSuimbatem Nec us a Ge ae OATS TORIES V 
[oeaia nna MST SR ae ea 
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SN55461, SN75461 
DUAL PERIPHERAL POSITIVE-AND DRIVERS 


logic symbolT logic diagram (positive logic) 
(3) 
(1) 


(1) 
1A 
(2) 


1B 


1A 1Y 
1B 
2A 


2B 


ay 


This symbol is in accordance with ANSI/IEEE STD 91-1984 and rae: 
IEC Publication 617-12. 2B 


FUNCTION TABLE Bey 


(EACH DRIVER) schematic (each driver) 


Veéc 
L (on state) 130 2 
L (on state) 
L (on state) 
H (off state) 
positive logic:__ a 
Y = ABor A+B 


Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


SN75461 
PARAMETER TEST CONDITIONSt ; UNIT 
MIN eee MAX | MIN TYP* MAX 


Vik Input clamp voltage Vcc = MIN, —12 mA —1.2 -1.5 -1.2 -1.5 


Vv MIN, . = MIN, 
IoOH High-level output current — a 300 
VOH = 35 V 
V = MIN, V 0.8 V, 
Mag 2%, 0.25 0.5 
lo. = 100 mA 
VoL Low-level output voltage BACK 


O1 


Vcc = MIN, Vit = 0.8 V, 
lo. = 300 mA 


Peripheral Drivers/Actuators 


Low-level input current Wee MAX, : Seo 
Ht Supply current, outputs high ae MAX, =5V = 11 SERRE St 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 


switching characteristics, VCC = 5 V, Ta = 25°C 


Io = 200mA, CL = 15 pF. 
RL = 600, See Figure 1 


= 30 V, lo = 300 mA, 
VOH High-level output voltage after switching i. cj > 9 Vs-10 
ee Figure 
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SN55462, SN75462 
DUAL PERIPHERAL POSITIVE-NAND DRIVERS 


logic symbolt logic diagram (positive logic) 


(3) 


1¥ 


(1) 


1A 
1B 
2A 
2B 


zY¥ 


TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


GND 


FUNCTION TABLE 
(EACH DRIVER) schematic (each driver) 


H (off state) 


H (off state) 
H (off state) 
L (on state) 


positive logic: 
Y = ABor A+B 


Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONSt Bee ae = Foal UNIT 
MIN TYP MAX] MIN TYP? MAX 
Vik Input clamp voltage Vcc = MIN, t) = —12 mA -1.2 -1.5 -1.2 -1.5 


Vcc = MIN, Vit = 0.8 V, 
IoH High-level output current cc IL 300 pA 
VOH = 35 V 
Vcc = MIN, Vin = MIN, 
Se i" 0.25 0.5 0.25 0.4 
lo. = 100 mA 
VoL Low-level output voltage 7 IN Win MIN V 
Pe nee 0.5 0.8 0.5 07 
lo. = 300 mA 
I Input current at maximum input voltage] Vcc = MAX, W=5.5V | Tf 1 | mAs 
iia igh-Tevel input current Voc = MAX, Vi=2av | __40f_———~—SO | A 
iL Low-level input current Voc = MAX, VW = 0.4V —1.1 -1.6) 0 =1.1=-1.6 | mA | 
ICCH Supply current, outputs high Vcc = MAX, 0) 43.5 oe 
lccL Supply current, outputs low Vcc = MAX, 1 A 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAll typical values are at Vcc = 5 V, Ta = 25°C. 


switching characteristics, VCC = 5 V, Ta = 25°C 


4505 | ns | 
Io = 200mA, CL =15pF, [30 80] ns 
R= 509,  SeeFiguet [13 25] ns | 
eee ee ea 


Vs = 30 V, lo = 300 mA, Vs-10 V 
VOH High-level output voltage after switching Figure 2 0 3 
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SN55463, SN75463 
DUAL PERIPHERAL POSITIVE-OR DRIVERS 


logic symbolt logic diagram (positive logic) 
(3) 


(1) 1¥ 


1A 
1B 
2A 
2B 


TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


FUNCTION TABLE 
(EACH DRIVER) 


L (on state) 
H: (off state) 


H (off state) 
H (off state) 


positive logic: 
Y = A+Bor AB 


Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


| SN55463_— | SN75463 
PARAMETER TEST CONDITIONSt UNIT 
Vik Input clamp voltage Vcc = MIN, ly = -12 mA -1.2 -15]  -1.2 -15 [Vv | 


| High-level output t be ea: baad 300 A 
OH ign-ievel Output Curren VoH Z 35 V be 


V = MIN, V = 0.8 Vv; 
cc IL 0.25 0.5 0.25 0.4 
IoL = 100 mA Y 
Von cM UL OEY. 
cc x kaa 8 0.5 08 08 07 
lo. = 300 mA 


I Input current at maximum input voltage | Vcc = MAX, Vj = 5.5 V C ) vpireplten? & shakes tel kets sai anf al, eee 


VoL Low-level output voltage 


Voc = MAX, Ve24v [ot 
Voc = MAX, v= 04V Se Ce 
icGH Supply current. outputs high | Vec= MAK Wi=sv [8 mf tt] 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAIl typical values are at Vcc = 5 V, Ta = 25°C. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


tpLH Propagation delay time, low-to-high-level output Ree ae 
tpHL Propagation delay time, high-to-low-level output lo = 200 mA, C,-—~ = :115 PF, were oo ER ee 
m= 500, seorquet [828 ww] 
08 


Vs = Mi lo = 300 mA, 
VOH High-level output voltage after switching S Se SPR cba Vs-10 mV 
See Figure 2 
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SN55464 
DUAL PERIPHERAL POSITIVE-NOR DRIVER 


logic symbolT logic diagram (positive logic) 
(3) 


(1) 1Y 


1A 
1B 


2A 
28 


TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


FUNCTION TABLE 
(EACH DRIVER) 


H (off state) 
L (on state) 
L (on state) 


L (on state) 


positive logic: 
Y = A+Bor AB 


Pin numbers shown are for the JG package. Resistor values shown are nominal. 
electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONSt 1 EENCS 
MIN TYP? MAX 


Vik Input clamp voltage Vec = MIN, | = -12 mA 
Vcc = MIN, Vit = 0.8 V, 
Vo 2 ibe 35 V 


Vec = MIN, Vi = MIN, 
lo. = 100 mA 


loH High-level output current 


VoL Low-level output voltage 


Input current at maximum input voltage 


Vcc = MIN, Vi = MIN, 


lo. = 300 mA 


V 
pA 
0.26 0.5 
V 
0.5 0.8 
\ Vcoc = MAX, Vj; = 5.5V 
li = High-level input current Veoc = MAX, Vj = 2.4V pA 
Hie Low-level input current Vcc = MAX, Vj =0.4V 
ICCH Supply current, outputs high Vcc = MAX, V; =0 Be se gS Ae 
IccL Supply current, outputs low Vcc = MAX, Vi =5V 67 85 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V, Ta = 25°C. 


suozenjoy/si9Aug jesoyudiueg HS, 


" 
| mA 
ene 
pA | 
[mA 
| mA 


switching characteristics, Vcc = 5 V, Ta = 25°C 


UNIT 
Io = 200mA, CL = 15 6F 
RL = 500, See Figure 1 


Vou High-level output voltage after switchin Vs = 30V, lo SO. -| Ve-10 mV 
lt ‘ ° See Figure 2 s 
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SN55461 THRU SN55464 
SN75461 THRU SN75463 
DUAL PERIPHERAL DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 24y 


PULSE 
GENERATOR 
(See Note A) 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHZ, Zoyt = 50 Q. 
B. Cy, includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES 


> le-<5 ns 
| 


PULSE 
GENERATOR 
(See Note A) 


Cy. = 15 pF 
|SUB (See Note B) 
ped | 
0.4V = ae = = OUTPUT 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR < 12.5 kHz, Zoyt = 50 2. 
B. Cy, includes probe and jig capacitance. 


FIGURE 2. LATCH-UP TEST 


O1 
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ee 
P.  e 
Bp ae, Fig ‘ 
- a 
5 
a mi 
- ve 
2 re 
’ ty - 
ad, Abs 
J —_ 
“a. 
ie sips 
re + 
ted 
a i 
¥ a 
‘a i of 
-, * uf 
- wy = 


See 
a a 
A ae 
Beast ‘s 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 


D2625, DECEMBER 1976—REVISED SEPTEMBER 1986 


HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


@ 500 mA Rated Collector Current D OR N PACKAGE 
(Single Output) (TOP VIEW) 


High-Voltage Outputs .. . 100 V 
Output Clamp Diodes 


Inputs Compatible with Various Types of 
Logic 


Relay Driver Applications 


Higher-Voltage Versions of ULN2005A, 
ULN2001A, ULN2002A, ULN2003A, and 
ULN2004A, Respectively, for Commercial 
Temperature Range 


description 


The SN75465, SN75466, SN75467, SN75468, and SN75469 are monolithic high-voltage, high-current 
Darlington transistor arrays. Each consists of seven n-p-n Darlington pairs that feature high-voltage outputs 
with common-cathode clamp diodes for switching inductive loads. The collector-current rating of each 
Darlington pair is 500 milliamperes. The Darlington pairs may be paralleled for higher current capability. 
Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), 
line drivers, and logic buffers. 


5 


The SN75465 has a 1050-ohm series base resistor and is especially designed for use with TTL where 
higher current is required and loading of the driving source is not a concern. The SN75466 is a general- 
purpose array and may be used with TTL, P-MOS, CMOS, and other MOS technologies. The SN75467 
is specifically designed for use with 14- to 25-volt P-MOS devices and each input has a zener diode and 
resistor in series to limit the input current to a safe limit. The SN75468 has a 2700-ohm series base resistor 
for each Darlington pair for operation directly with TTL or 5-volt CMOS. The SN75469 has a 10.5-kilohm 
series base resistor to allow its operation directly from CMOS or P-MOS that use supply voltages of 6 
to 15 volts. The required input current is below that of the SN75468 and the required voltage is less than 
that required by the SN75467. 


Peripheral Drivers/Actuators 


logic symbolt logic diagram 
(9) 
COM 
een ats Po" 
25 2) Syak eal 
Eira) One ae eo os 
3 
ee |e Ae oa 
tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 5B (5) b- . Sale (12) 5C 
IEC Publication 617-12. 
; Bee ec! 
ent OH) ec 
(7) (10) 
7B | >c 7c 
PRODUCTION DATA documents contain information ; Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 


_schematics (each Darlington pair) 


COM COM 


7V 
INPUT B 


INPUT B 


E E 
SN75466 SN75467 
COM 
INPUT B 
SN75465: Rg = 1.05 k2 Pee 
SN75468: Rp = 2.7 kO 
SN75469: Rp = 10.5 kQ E 
SN75465, SN75468, SN75469 
All resistor values shown are nominal. 
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Ca Ooeas opr Mian EER 5S Sars kia ay ae ee naa REE A ak ba SOMES np Ke Ue ee ane 100 V 
PAD EN Cee LG PHONE: CARES LOIN ale Ge > sik a stk ak acs a k's oe we ee LS Re RG Gees We 15 'V 
SN G45 7, rh O SOG). ULE OGOS. os vine eek Oe sabe Gobi e sis 30 V 
Pea CONGCLOL COR OI SBC FIGUOS IOP cata hls Soe eb ee BE a ates OE eke 500 mA 
Ieeeae: CIO NES CUCM CEU MINE O22 55h 1g oak vote eS Ge oo KN alone BE a OR RE ee ee a a 500 mA 
MEAT TCG IRON. 2 ea foo Res! rds ig ais bee ke 8 ee OY, ee PO Peds -2.5A 
Continuous dissipation (total package) at (or below) 25°C free-air temperature (see Note 2): 
AIM aise pe eee aa weieg BL ow Soe we yaw oh wl AE eee aes, a 950 mW 
RMN 56 aos aes, WS 5 inkatt eben a ok Od ana le ee Lode a, eee 1650 mW 
Operating free-air temporature-rande:.. so a So om sie eee he wees O°C to 70*C 
SCCr ar TOTTORI ao nth Sa oss ah ee Shae oe Aen ae a ee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................2.04. 260°C 


NOTES: 1. All voltage values are with respect to the emitter/substrate terminal, E, unless otherwise noted. 
2. For operation above 25 °C free-air temperature, derate the D package linearly at the rate of 7.6 mW/ °C and derate the N package 


linearly at the rate of 13.2 mW/°C. 
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SN75465, SN75466, SN75467 
DARLINGTON TRANSISTOR ARRAYS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST SN75465 
PARAMETER TEST NDITION NI 
Vee = 100V. i= 0 roe es 


Vee = 100V- I= 0, Ta = 70S 100 
off)  Off-state input current 3 Vce = 100 V, Ic = 500 nA, Ta = 70°C 2B eee 
a= 3 rs 2a 
2 
saturation voltage 
eh eee l= 500 pA, Ic = 350 mA 12 16 


Vi(on)  On-state input voltage | 5 | VceE=2V, Ic = 350mA 
mo a 
m 


sBhast nci GE Veale fe oa 
Collector-emitter I be Cc m 
| 
R Clamp diode reverse current 7 
ee a oe Shan 


VCE(sat) = 350 yA, Ic = 200 mA 10. 3 Vv 
Clamp diode forward 
Ve I-F = 350 mA 
voltage 
i . Sa 


5 a 2 


5 


Vce = 100 V, | = 
Vce = 100 V, 


2 |ITa=70°C IW=6V 


| teres sates 

VcE = 50 V, Ic = 500 pA, 
laity. OFF ataee input correct 3 | VCE SEOs pee 
I SS See: 


Ta = 70°C 
an RAY 


Static forward current 
h V = 2V, Ic = 350 mA | 1000 


ICEX Collector cutoff current 


Vi(on) On-state input voltage Vce = 2V, Ic = 300 mA pxigtae tn Sa: 
7 = 250A I= TOMA OS TT[ (OS TT 
ae [i = 250 KA, Ic = 100 mA 
reas ls a i, = S80 WA, Ic = 200mA v 
i) = 500 nA, Ic = 350 mA iz: 18 
: av 


V 
CE(sat) .aturation voltage 


Ree OU fe 
a= 0Veta = 70 | foo] OO 
este eee 
rev. tw [is v8 


IR Clamp diode reverse current 7 


VF Clamp diode forward voltage 
Cj - Input capacitance 
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SN75468, SN75469 
DARLINGTON TRANSISTOR ARRAYS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST SN75468 SN75469 
PARAMETER TEST CONDITIONS 
FIGURE IN TYP MAX | MIN TYP MAX 


M 
Vee = 10OVy=O | ____—+t00 | 
2; | iaie 70S SiMe Tae. | 


Vce = 50 V, Ic = 500 pA, 
I(off) Off-state input current 3 ae 70°C C 2 [80-6 | 
A = 


Cc 
r= 
=| 


ICEXx Collector cutoff current 


3 
fe 


© 
oO 


Clamp diode reverse current 7 
Mp = 100.N. TA. X20°E 


IR i = 
VF Clamp diode forward voltage Pk siecaal lp = 350 mA 
Cj Input capacitance ba aaa Vi = OV, f = 1 MHz PEN | ERTS 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX 


tPLH Propagation delay time, low-to-high-level output Vg = 50V, R, = 1632, 0.25 


at, 
™~w 
No 
SS 
> 


aoe See 
Ba ease ae Be 
Input current pee Cok amas nea ey DR PAR mA 
Dein pare oee fee eae | 
eae eo ee os 
ani ia ee oe ee 
Viton) On-state input voltage VceE=2V V 
Ct a Coed 
fiemamen | tee er ery 8 
| T= 2504A, Ig = 100mA | 08 11] 09 11 
Collector-emitter 
MCGleat ans cicinhe 6 fies =meme [rate toa v 
Bes ees 
tah: Ses 
7 : 
15 25 


—_ 
oi 


— 


tPHL Propagation delay time, high-to-low-level output Ci = 15 pF, See Figure 9 0.25 
Vs = 5OV, lo = 300 mA, 
See Figure 10 


VOH High-level output voltage after switching Vs -20 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


OPEN VcE OPEN VCE 
ICEX ICEX 
OPEN Vi 
FIGURE 1. IceEx FIGURE 2. IcEx 
OPEN VceE Pan 
‘" 
li (off) Mion) 
aS v7; ee OPEN 
FIGURE 3. Ij (off) FIGURE 4. | 
OPEN OPEN 


OQ 


eg ~ 


ina il ot: f ve OF: 
oF ae 1 


NOTE: Ij is fixed for measuring VCE(sat), variable for measuring hee. 
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FIGURE 5. Vil(on) FIGURE 6. hfe. VCE(sat) 
VR 
{'r 
OPEN OPEN 
FIGURE 7. IR FIGURE 8. VF 
4 
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-$N75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


INPUT open Vs = 50V 


PULSE 
GENERATOR 
(See Note A) 


Vin 
(See Note C) 


Ov 


VOH 


OUTPUT 


VoL 
VOLTAGE WAVEFORMS 


2. 


NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zoyt = 50 @. 
B. C,_ includes probe and jig capacitance. 
C. For testing the ‘465, ’466, and ‘468, Vij, = 3 V; for the ‘467, Vix = 13 V; for the ‘469, Viy, = 8 V. 


FIGURE 9. PROPAGATION DELAY TIMES 


Vs 


2 mH 


1N3064 


OUTPUT 


(See Note A) 
‘467 
‘468 
469 * al 
TEST CIRCUIT 


s1i0}enjoy/sisAug jesoudiisgd 


Vin 
(See Note C) 


ov 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zoyz = 50 2. 
B. Cy includes probe and jig capacitance. 
C. For testing the ‘465, '466, and ‘468, Vi, = 3 V; for the ‘467, Vip = 13 V; for the ‘469, Vi = 8 V. 


FIGURE 10. LATCH-UP TEST 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 


TYPICAL CHARACTERISTICS 


COLLECTOR-EMITTER COLLECTOR-EMITTER 
SATURATION VOLTAGE SATURATION VOLTAGE 
vs vs COLLECTOR CURRENT 
COLLECTOR CURRENT COLLECTOR CURRENT vs 
(ONE DARLINGTON) (TWO DARLINGTONS PARALLELED) INPUT CURRENT 


\c—Coltlector Current—mA 


VCE (sat) —Collector-Emitter Saturation Voltage—V 
VCE (sat)—Collector-Emitter Saturation Voltage—V 


0 0 0 
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800 0 2 50 75 100 125- 150 175 200 
ic—Collector Current—mA IC(tor)—Total Collector Current—mA 1y—Input Current—“A 
FIGURE 11 FIGURE 12 FIGURE 13 


THERMAL INFORMATION 


D PACKAGE : N PACKAGE 
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vs 
DUTY CYCLE DUTY CYCLE 


Ic —Maximum Collector Current—mA 
Ic —Maximum Collector Current—mA 


0 0) 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 930 100 
Duty Cycle—% Duty Cycle—% 
FIGURE 14 FIGURE 15 
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SN75465 THRU SN75469 
DARLINGTON TRANSISTOR ARRAYS 


TYPICAL APPLICATION DATA 


P-MOS TO LOAD 


VppD SN75469 +V 
———————) 


ite 


fF 


i 


, 
poker ONS 


BUFFER FOR 
HIGHER CURRENT LOADS 


SN75465 
Vcc SN75466, SN75468 +V 


LAMP 
6 TEST 
TIL.» + 
OUTPUT 
TTL TO LOAD 
SN75465 
Vcc SN75468 +V 
O ) 


TIL= 
OUTPUT 


USE OF PULL-UP RESISTORS 
TO INCREASE DRIVE CURRENT 
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SN55471 THRU SN55474 
SN75471 THRU SN75473 
DUAL PERIPHERAL DRIVERS 


D2130, DECEMBER 1976—REVISED SEPTEMBER 1986 


PERIPHERAL DRIVERS FOR HIGH-VOLTAGE, SN55471, SN55472, 


SN55473, SN55474 . . . JG PACKAGE 
HIGH-CURRENT DRIVER APPLICATIONS ied a 


$N75473 .. . D OR P PACKAGE 
Characterized for Use to 300 mA (TOP VIEW) 


High-Voltage Outputs 


No Output Latch-Up at 55 V (After 
Conducting 300 mA) 


Medium-Speed Switching 


Circuit Flexibility for Varied Applications and SN55471, SN55472, 
‘ ‘ : SN55473, SN55474 . . . FK PACKAGE 
Choice of Logic Function 


(TOP VIEW) 
TTL-Compatible Diode-Clamped Inputs re 
CN de At C69 
Standard Supply Voltages 
New Plastic DIP (P) with Copper Lead Gr agen Bs 
Frame Provides Cooler Operation and NC [4 18 NC 
Improved Reliability 1B 5 17 2B 
NC [j6 16L] NC 
@ Package Options Include Plastic ‘Small 1¥ 7 sf] 2A 


Outline’’ Packages, Ceramic Chip Carriers, nc fs 14f1 NC | 
and Standard Plastic and Ceramic 300-mil 9 10111213 5 
DIPs come Woe 0 cee ee Ben 

OO0>0O 

2z2n2 


SUMMARY OF SERIES 55471/75471 


NC—No internal connection 


LOGIC OF 
DEVICE 
eves | COMPLETE circuit | PACKAGES 


SN55471 
SN55472 
SN55473 
SN55474 
SN75471 
SN75472 
SN75473 


description 


Peripheral Drivers/Actuators 


Series 55471/75471 dual peripheral drivers are functionally interchangeable with Series 55451B/75451B 
and Series 55461/75461 peripheral drivers, but are designed for use in systems that require higher 
breakdown voltages than either of those series can provide at the expense of slightly slower switching 
speeds than Series 55451B/75451B (limits are the same as Series 55461/75461). Typical applications 
include logic buffers, power drivers, relay drivers, lamp drivers, MOS drivers, line drivers, and memory 
drivers. 


The SN55471/SN75471, SN55472/SN75472, SN55473/SN75473, and SN55474 are dual peripheral 
AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic) with the output of the logic 
gates internally connected to the bases of the n-p-n output transistors. 


Series 55471 drivers are characterized for operation over the full military temperature range of —55°C 
to 125°C. Series 75471 drivers are characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to ; 

specifications per the terms of Texas Instruments 

standard warranty. Production processing does not 
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SN55471 THRU SN55474 
SN75471 THRU SN75473 
DUAL PERIPHERAL DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SN55471 SN75471 
SN55472 SN75472 

UNIT 
SN55473 SN75473 
SN55474 


260 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 


NOTES: 1. Voltage values are with respect to the network ground terminal unless otherwise specified. 

. This is the voltage between two emitters. of a multiple-emitter transistor. 

. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a 
short time interval must fall within the continuous dissipation rating. 

4. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 


Supply voltage, Vcc (see Note 1) 
input voltage ese oe 
Interemitter voltage (see Note 2) ae Ss eee Bes 5 ee a ee 
Off-state output voltage 
Continuous collector or output current (see Note 3) Ba ee ee RS eS 
Peak collector or output current (ty, < 10 ms, duty cycle < 50%, see Note 3) ee ee ee Oe ae 
bpeeteoe ee te eee 
Continuous total dissipation at (or below) FR packages: () =) “2 pia! PaaS esac mW 
25°C free-air temperature (see Note 4) Et. eee Ec Sea & 
Peete. ope eae 
[Storage temperature range SSCS HO 1 | =H UO THO] FC 
Case temperature for 60 seconds tt eS ES 
na. 


5 


WN 


DISSIPATION DERATING TABLE 


POWER DERATING ABOVE 
RATING FACTOR Ta 
725 mW 5.8 mW/°C 
1375 mW~ 11.0 mW/°C 
1050 mW 8.4 mW/°C 
1200 mW 9.6 mW/°C 


PACKAGE 


recommended operating conditions 


Supply voltage, Vcc eee en 
[Low-level input voltage, Vay 
Operating free-air temperature, Tp 


SN75471 
SN75472 
SN75473 


SN55471 
SN55472 
SN55473 
SN55474 


siojenjoy/S1aAUG jesoudiied 
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SN55471, SN75471 


DUAL PERIPHERAL POSITIVE-AND DRIVERS 


logic symbolt logic diagram (positive logic) 
(3) 
1 
1A. oe (1) ig 
1A 
1B 
1B 
2A 
2B oY 
tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and = 
IEC Publication 617-12. 2B 
FUNCTION TABLE She 
(EACH DRIVER) schematic (each driver) 
; Vcc 
L (on state) 
L (on state) 
L (on state) 
H (off state) 
positive logic: A ! 
Y = ABor A+B B 


GND 
Pin numbers shown are for the JG, D, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


: SN55471 SN75471 
PARAMETER TEST CONDITIONS z UNIT 
MIN TYP MAX | MIN TYP® MAX 
Vik Input clamp voltage Vec = MIN, |) = -12mA =i x45 are Dee 


Vcc = MIN, Vi = MIN, 
lIoH High-level output current sat a pA 
0.4 
Vv 
0.7 


VoH = 70 V p08 el a 
V Low-level output voltage 
OL e a Vcc = MIN, Vi, = 0.8 V, A 
lol = 300 mA 


V = MIN, Vit = 0.8 V, 
sas i 0.25 0.5 25 
lo. = 100 mA 
ee Se 
I Input current at maximum input voltage| Vcc = MAX, V; = 5.5 V 
; V; =-2. 
Eee 
6 6 


3 
> 


rig” High-level input current _——_——+«| Voc = MAX, w= 2aV [a0] 40] 
Voce = MAX, _vi=04v | -1-16[ _-1 -1.6 | ma | 
Voc = MAX, Vi=5V | 8 i] 8 11 | ma 
Voc = MAX, Vj =0 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vcc = 5 V, Ta = 25°C. 


= 
3/5 


> 


switching characteristics, VCC = 5 V, TA = 25°C 


3055 | ns | 
lo = 200mA, C= 18, 25 40] ns 
RL = 509, See Figure 1 320 | ns 
Pas 


; BEA Vs = 55 V, lo = 300 mA, 
VoOH High-level output voltage after switching See Figure 2 Vs- 18 mV 
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SN55472, SN75472 
DUAL PERIPHERAL POSITIVE-NAND DRIVERS 


logic symbolt logic diagram (positive logic) 


(3) Av 


(1) (1) 


1A 
1B 


2A 
2B 


2Y 


TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


GND 


FUNCTION TABLE 
(EACH DRIVER) schematic (each driver) 


H (off state) 
H (off state) 
H (off state) 
L (on state) 


positive logic: 
Y = ABor A+B 


a 


Pin numbers shown are for the JG, D, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


| PARAMETER TEST CONDITIONS* — a UNIT 
MIN TYPS MAX | MIN TYP MAX 
Vik Input clamp voltage Vcc = MIN, 


High-level output t bcs Aiea thie 
-level output curren 
OH High-le p vise 7A 


Vcc = MIN, Vi = MIN, 
lo. = 100 mA 
Vcc = MIN, Vi = MIN, 
lo. = 300 mA 


Vo_ Low-level output voltage 


Vy = 5 
V; = 2. 


s10}eN} OY /SABAUG jes9udUed 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vcc = 5V, Ta = 25°C. 


switching characteristics, Vcc = 5 V, TA = 25°C 


ee 
lo = 200mA, C= 15 pF, | 3050 | ns 
RL = 509,  SeoFigue1 [1328 | ns 


UNIT 


tTHL Transition time, high-to-low-level output 


Vg = 55 V, lo ~ 300 mA, 
VOH High-level output voltage after switching = Figure 2 0 Vs-18 
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SN55473, SN75473 
DUAL PERIPHERAL POSITIVE-OR DRIVERS 


logic symbolT logic diagram (positive logic) 
(1) 


(3) 


1Y 


1A 
1B 
2A 
2B 


tThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. i 


FUNCTION TABLE 
(EACH DRIVER) 


L (on state) 


H (off state) 
H (off state) 
H (off state) 


positive logic: — 
Y = A+BorAB 


5 


Pin numbers shown are for the JG, D, and P packages. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


SN55473 N7547 
PARAMETER TEST CONDITIONS* 7 id UNIT 
MIN TYP’ MAX | MIN TYPS TYP 
Vik Input clamp voltage Vcc = MIN, k = -12mA —1.2 -1.5 —1.2 =1.5 


Vcc = MIN, Vin = MIN, 
loH High-level output current CC 1H 
Vow = 70 V 


pA 
V = MIN, Vit = 0.8 V, 
| ne 100 mA i 
= m 
VoL Low-level output voltage OL V 
: 
I Input current at maximum input voltage} Vcc = MAX, Wj=5.5V | = 1] . . 14 mAd 


lo. = 300 mA 


5 

Vec = MIN, ViL = 0.8 V, 5 
iH, ~=—- High-level input current Vcc = MAX, Vj = 2.4 V A 
i.__tow-level input current Voc = MAX, vi=04V | -1 -16] _-1 -1.6| mA, 
icGH Supply current, outputs high Veco MAK VS SV | 8 an] 2 6 ae | ne 
IccL Supply current, outputs low Vcc = MAX, V; =0 58 76 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ All typical values are at Vcc = 5 V, Ta = 25°C. 


> 
oO 
| 
o 
= 


Peripheral Drivers/Actuators 


=] 
> 


3 
>i > 


switching characteristics, Vcc = 5 V, TA = 25°C 


tpLH Propagation delay time, low-to-high-level output 


tpH_ Propagation delay time, high-to-low-level output lo = 200 mA, CL = 15 pF, 
tTLH Transition time, low-to-high-level output Ri = 50Q, See Figure 1 


tTHL Transition time, high-to-low-level output 


VoOH_ High-level output voltage after switching 


Vs = 55 V, 
See Figure 2 


lo = 300 mA, 
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SN55474 
DUAL PERIPHERAL POSITIVE-NOR DRIVER 


logic symbolt logic diagram (positive logic) 


(3) 4y 


(1) (1) 


1A 
1B 


2A 


= 2Y 


TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and 
IEC Publication 617-12. 


GND 


FUNCTION TABLE 
(EACH DRIVER) schematic (each driver) 


H (off state) 
L (on state) 
L (on state) 
L (on state) 


positive logic: 
Y = A+Bor AB 


Pin numbers shown are for the JG package. Resistor values shown are nominal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS# 
| 


ViK Input clamp voltage Vcc = MIN, i} = -—12mA 


; Vcc = MIN, Vit = 0.8 V, 
IOH High-level output current VoH = 70 V 


Vcc = MIN, Vi = MIN, 
lo. = 100 mA 


Vcc = MIN, ViH = 2V, 
lo. = 300 mA 


[i__leput curent at maximum input voltage | Veg = MAX Vi = 6 


+For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vec = 5 V, Ta = 25°C. 


VOL Low-level output voltage 


switching characteristics, Vcc = 5 V, Ta = 25°C 


lo = 200mA, CL = 15 pF, 
RL = 509, See Figure 1 


Vs = 55 V, lo = 300 mA, 
VOH High-level output voltage after switching S 0 Vs-18 mV 
See Figure 2 S 
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SN55471 THRU SN55474 
$N75471 THRU SN75473 
DUAL PERIPHERAL DRIVERS 


PARAMETER MEASUREMENT INFORMATION 
| <5 ns > <10ns 


INPUT o4y 


PULSE 
GENERATOR 
(See Note A) 


CIRCUIT 
UNDER 
TEST 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


5 


NOTES: A. The pulse generator has the following characteristics: PRR =< 1 MHz, Zoyt = 50 0. 
B. C, includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES 


GENERATOR 
(See Note A) 


Peripheral Drivers/Actuators 


Cy = 15 pF 
(See Note B) 


= OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR < 12.5 kHz, Zoyt = 50 2. 
B. C, includes probe and jig capacitance. 


FIGURE 2. LATCH-UP TEST 
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Characterized for Use to 300 mA 


No Output Latch-Up at 55 V (After 
Conducting 300 mA) 


High-Voltage Outputs (100 V Typical) 


Output Clamp Diodes for Transient 
Suppression (300 mA, 70 V) 


@ TTL- or MOS-Compatible Diode-Clamped 
Inputs 


P-N-P Inputs Reduce Input Current 
Standard Supply Voltage 


Suitable for Hammer-Driver Applications 


New Plastic DIP (P) with Copper Lead 
Frame Provides Cooler Operation and 
Improved Reliability 


description 


Series 75476 dual peripheral drivers are 
designed for use in systems that require high 
current, high voltage, and fast switching times. 
The SN75476, SN75477, SN75478, and 
SN75479 provide AND, NAND, OR, and NOR 
drivers, respectively. These devices have diode- 
clamped inputs as well as high-current, high- 
voltage clamp diodes on the outputs for 
inductive transient protection. 


The SN75476, SN75477, SN75478, and 
SN75479 drivers are characterized for operation 
from O°C to 70°C. 


EQUIVALENT TYPICAL 
OF EACH INPUT OF ALL OUTPUTS 


CLAMP 


Vcc 


OUTPUT 


D2284, DECEMBER 1976—REVISED SEPTEMBER 1986 


SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 


D OR P PACKAGE 
(TOP VIEW) 


FUNCTION TABLES 


SN75476 
(EACH AND DRIVER) 


OUTPUT 
Saae aed 
H 4H H 
=: L 
Ae L 
SN75477 
(EACH NAND DRIVER) 


INPUTS OUTPUT 
Y 


H H L 
L X H 
X L H 


SN75478 
(EACH OR DRIVER) 


INPUTS OUTPUT 
* 


H 
H 
L 


SN75479 
(EACH NOR DRIVER) 


INPUTS OUTPUT 
Y 


H X L 
Xx H L 
L L H 


H = high level 
L = low level 
X = irrelevant 


PRODUCTION DATA documents contain 
information current as of publication date. 
Products conform to specifications per the terms 
of Texas Instruments standar po aad 
Production processing does not necessarily 
include testing of all parameters. 
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SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 


logic symbolst logic diagrams (positive logic) 


SN75476 


1Y 


(2) 


2Y 


CLAMP 


GND 
positive logic: Y = AS or A+S 


SN75477 
(3) 


1Y 


2Y 


CLAMP 


3 


GND 
positive logic: Y = AS or A+S 


SN75478 
(3) 1Y 


2Y 


CLAMP 


GND 


Di 
7,)) 


positive logic: Y = A+Sor 


s1i0}enjoy/sisAug jessudused 


SN75479 
(3) 1Y 


zy. 


CLAMP 


GND 


positive logic: Y=A+SorAS 


T These symbols are in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDO NOMBI WO EGO Ole. Firth teen eo) sc. eg Se eae ey tg whee chP ee De Soe ea ese as 7V 
ORHECERNCIE RD se 6 sas 0.0 She ae a rie es os aru oe ee eae ae te Bat otal ee ep eles 5.59 
Continuous. output coent.\see Note). Giccis. oA. Dao See ees Sues wae 400 mA 
Peak-output current: Ay. =: 10.ms, dutwievyelé: = 50%)... gs ene Fes ies SRLS 500 mA 
Ty S90 Ne; Guty- Ove Ss OAL % 05. kets i le eG A 3A 
Oineeecignap- cipde CUutreiitc «a S-ous Gacy ee ee Sb ee oA eg tw aan wd vk a wh oe ey Cees 400 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
LP MIIINONGE cS eng ORG Sear Sta Sag GS Bk Ge RD law po OR ee 725 mW 
FN ik see ore ties eee Ag ee i re aS Sink et haha OG cee Tala sp <a lly Self Sige 1200 mW 
Store Semperatute-fO00e 2 ns os eens SR a A ee he oe CO RR ee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................2005- 260°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short 
time interval must fall within the continuous dissipation ratings. 
3. For operation above 25°C free-air temperature, derate the D package at the rate of 5.8 mW/°C and the P package at the 
rate of 9.6 mW/°C. 


recommended operating conditions 


BESSsPen es Se aes Sh. A ee 9 ee rere ee Sa 
Supply voltage, Vcc 
High-level input voltage, Vj 2 


Low-level input voltage, Vj, 
Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS 
V Input clamp voltage lj) = -—12 mA 


IK 
V =45V, Vip = 2V, 
IOH High-level output current a 0.8 V, ne = 70 ¥ 


IoL = 100 mA 0.16 0.3 
0.22 0.8 
lo = 300 mA 0.33 0.6 


lon = 100 pA 70 100 


0 


~ 
io) 


MIN TYPt MAX | UNIT 


Peripheral Drivers/Actuators 


VOL Low-level output voltage 


IL = 0. 
70100 
Veo = 4.5V, p= 300mA [08 1.15 
Voc = 55V, Vi=65V 


Ra a 

ee 

| Low-level input ' Vv 55V, Vi = 0.8V pa PRES BS 
- urren oF = F = : 

ie sige cat atts ~ | | - 160 —220] © 

== 

A 


SN75477 Sex - 
SN75478 5 RO v= 5V 10. 17 


ICCH Supply current, outputs high 


ICCL Supply current, outputs low 


TAll typical values are at Vcc = 5 V, Ta = 25°C. 
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SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 


switching characteristics, VCC = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 
tpLH Propagation delay time, low-to-high-level output 
tp Propagation delay time, high-to-low-level output 15 pF, RL = 1009, 


tTLH ‘Transition time, low-to-high-level output See Figure 1 


tTHL Transition time, high-to-low-level output 


Vs = 55 V, Ilo =300 mA, 
VoH _—High-level output voltage after switching S : a : 
ee Figure 


PARAMETER MEASUREMENT INFORMATION 


INPUT 2.4V Vcc 30 V 


than cone 


SN75477 | 


OUTPUT 
CIRCUIT 


PULSE ig | UNDER 


GENERATOR 


TEST 
(See Note A) Ci = 15 pF 
5 (See Note B) 
SN75478 | 
' SN75479 
0.4V ~ OPEN Se 
TEST CIRCUIT 


2.7V 
SN75476 INPUT 1.5V 


SN75478 ‘ 0.7 V | 
Vv 


SN75477 
SN75479 


s10}enjyOy/SIsAUG je1eyudiusg 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zoyt = 50 Q. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING CHARACTERISTICS 
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SN75476 THRU SN75479 
DUAL PERIPHERAL DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


2.4V 


SN75476 
SN75477 


PULSE 
GENERATOR 
(See Note A) 


CIRCUIT 
UNDER 
TEST 


C, = 15 pF 


| (See Note B) 


SN75478 
SN75479 


0.4V = = 
TEST CIRCUIT 


S 


” 
hee 
2) 
© 
SN75476 
sn7547g |NPUT Pa 
: q 
40 us Rad 
ied \¢—— <5ns =e | <10 ns ” 
| | a 3V he 
SN75477 
sn7547g_ 'NPUT | 2 
Ov mt 
iA) 
hen 
® 
ake 
VOH 2 
o 
OUTPUT a. 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 2. LATCH-UP TEST 
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Three-State Outputs 

Continuous Output Current of +2 A 
Outputs Can Switch 40 V 

Transient Suppression 

Thermal Shutdown 

Inputs Compatible with TTL and 5-V CMOS 
Vcc Range: 8 V to 40 V 


description 


The SN75603, SN75604, and SN75605 are 
high-current half-H drivers designed for high- 
current switching of bidirectional loads at 
voltages from 8 V to 40 V. The devices are ideal 
for the switching of bidirectional dc and stepping 
motors. 


The SN75603 and SN75604 are designed to be used together in pairs, which eliminates the need for 
additional control logic. The SN75605 is a functional replacement for Sprague UDN2949. By controlling 
the enable and direction inputs, these devices may be placed in the high-impedance output state. 


logic symbols wn 

Bas 

SN75603 SN75604 SN75605 i, 

is°) 

— | 

vay) 

EN EN EN ie Oo 

OUT -~— OUT : OUT S 

DIR DIR 

DIR a 

za 

to 

a . o . . Q 

logic diagrams (positive logic) eee 

© 

SN75603 SN75604 SN75605 oO 

££ 

vce Vcc Vcc — 

EN tone 

® 

EN EN a 
DIR OUT DIR OUT DIR OUT 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


D2832, MARCH 1984—REVISED OCTOBER 1986 


KC, KH, AND KV PACKAGES 
(TOP VIEW) 


GROUND TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
MOUNTING BASE 


FUNCTION TABLE 


OUTPUT 3 
SN75603 SN75604 SN75605 


Z Z L 
Z Z Zz 
L H Zz 
H L H 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


AFIELD EIT RDO LEIP ERTL ELIE DEED LI OPE EE LE PILE ELD IE DEEL LEE LEI ICEL EEE PETE LOOT GS FELIS NA DEE PGT LE FD ELGG, 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


me RMEE NE, WORE CSG © Oe ed ate 855-5 Ea oe ks 3 eed ce ge els RT he aa IR ese 40 V 
Rerrretne Ree See eee ne 5S a ot noone ics Ae AP ol a wrote on PA Ww A ae aS ba 42 V 
SONEIINE SUCRE Pete sen dete, oo) eMart ak ae Pea o be we 0 5 LO Oe EL ee a 40 V 
eee tC PARENT 8 ete, Lo Say pode Gs ads 3 6 ob ape ee EY Fog ein Wy oe BA RR ee aes +25 F 
Continuous total power dissipation at (or below) 110°C case temperature (see Note 1)....... 10 W 
Continuous total power dissipation at (or below) «25°C free-air temperature (see Note 2)...... 2 W 
Operating case or virtual junction temperature range .............00.00000: —- 40°C to 150°C 
MA aneurin RWS INC ARSE RINE DS a. za Sod a os aR bbe ca 6 oe a ke —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds............... 000065 77° 260°C 


NOTES: 1. For operation above 110°C case temperature, derate linearly at the rate of 250 mW/°C. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16 mW/°C. 


recommended operating conditions 


See see a ps ee ee 
a eetnen a Oe 
gat SSeS Be 


si i Case temperature 
Ty 


Junction temperature 
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electrical characteristics, Vcc = 8 V to 40 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX 
ViK Input clamp voltage l} = 12 mA -0.9 ='1.5 


ee 
oe TA aa a «SRL 
mn 
lo = -1A 
output current Vo 
v= 0 


Output at high impedance 
Output at high level 
Output at low level 


N 
on 
ie : 


i 3 
° 
] 
© 
] 
— 
° 
ro) 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


switching characteristics, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


lo. = 2A, 
L = 2.mH, R= 190, 
See Figure 1 


High-impedance-state output voltage after 


Vv 
02H witching with high-level voltage applied 


lIoOH = -2A, 
L = 2 mH, R = 190, 
See Figure 2 


tpzH Enable time to the high level Vec = 25 V, 
tpHz Disable time from the high level Vcc = 269, 


High-impedance-state output voltage after 


switching with low-level voltage applied 


tTZH Enable transition time to the high level Cy = 15 pF, 
tTHz Disable transition time from the high level See Figure 3 


tpz_ _ Enable time to the low level Vcc = 25 V, 
tp_Lz Disable time from the low level RL = 262, 
tTzL Enable transition time to the low level CL = 15 pF, 


tTLz Disable transition time from the low level 


See Figure 4 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


Vcc = 40 V 


L = 2 mH 


PULSE 
GENERATOR 
(See Note A) 


CIRCUIT 
UNDER 
TEST 


DIR cL paH re 
(See Note C) (See Note 
TEST CIRCUIT 
La 46 pa 
| | 3 V 
| | 
INPUT 
SN75605 1.5 V 1.5V 
So 10 »s————_> 
| 4—— —3v 
INPUT i 
SN75603 15V 16V 
SN75604 : 
OV 
VOZH 
OUTPUT 


VOLTAGE WAVEFORMS 
NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz, Zoyt = 50, tr <= Sons, t¢ = 5 ns. 
B. Cy includes probe and jig capacitance. 


C. DIR is low for SN75603 and SN75605, and high for SN75604. 


FIGURE 1. LATCH-UP TEST 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


RE LH 5 Sa RE Ea A Tn RT SP I Nr 8 SP BN A Sl PIB og BR DA et 9 BEELER I EILEEN NERA, 
PARAMETER MEASUREMENT INFORMATION 


INPUT 


Vcc = 40 V 


PULSE 
GENERATOR 
(See Note A) 


Cy = 15 pF 
(See Note B) 


CIRCUIT 
UNDER OUT 
TEST 


OUTPUT 


L = 2 mH 


DIR 


(See Note C) 
R = 192 


TEST CIRCUIT 


2 


l¢——10 us ——_————pl 


OUTPUT 
VoZL 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz, Zou = 50, tr < 5s, te < 5ns. 
B. Cy includes probe and jig capacitance. 
C. DIR is low for SN75603 and SN75605, and high for SN75604. 


FIGURE 2. LATCH-UP TEST 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


PAE ESS TT 2 DEE AL SSE Ue Lp EE SSL RD BE IS EE 82 EES OE TST I I SA EIS RS CNA TERA 8 OO 0 TE ELA TAEDA PE LD ET EL TA ES EOE TE! 
PARAMETER MEASUREMENT INFORMATION 


INPUT 
Vec = 25 V 
PULSE 
GENERATOR CL = 15 pF 
(See Note A) (See Note B) 


CIRCUIT 
UNDER OUT 
TEST 


OUTPUT 


DIR 
(See Note C) 


Ry = 252 


TEST CIRCUIT 


Pen” Say us ————_—>| 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz, Zoyt 50 ©, tr = 5ns, te = Sons. 
B. Cy includes probe and jig capacitance. 
C. DIR is high for SN75603 and SN75605, and low for SN75604. 


FIGURE 3. SWITCHING TIMES, ENABLE TIME TO HIGH-LEVEL AND DISABLE TIME FROM HIGH-LEVEL 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


Vcc = 25 V 


PULSE 
GENERATOR 
(See Note A) 


R= 2652 


CIRCUIT 
UNDER OUT 
TEST 


OUTPUT 


DIR Cy = 15 pF 
(See Note C) (See Note B) 
TEST CIRCUIT 
—_— == = 3 V 3V 
INPUT 5 
SN75603 1.5V 1.5V INPUT 
SN75604 SN75605 
| 
OUTPUT 


| 
tz. oie —>| iettiz 
VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 50 kHz, Zoyz = 500, tr < 5 ns, tf < 5 ns. 
B. C, includes probe and jig capacitance. 
C. DIR is low for SN75603 and SN75605, and high for SN75604. 


FIGURE 4. SWITCHING TIMES, ENABLE TIME TO LOW LEVEL, AND DISABLE TIME FROM LOW LEVEL 


Peripheral Drivers/Actuators 


TEXAS 4% | 5-129 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
vs vs 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


lo_—Low-Level Output Current—A 
loH— High-Level Output Current—A 


Vo_—Low-Level Output Voltage —Y VOH— High-Level Output Voltage—V 
FIGURE 5 FIGURE 6 


TYPICAL APPLICATIONS INFORMATION 
SN75603 and SN75604 in speed-controlled, reversible dc motor drive 


The SN75603 and SN75604 are recommended for continuous current applications of up to 2 amperes. 
The application shown in Figure 7 illustrates a reversible dc motor drive circuit with adjustable speed control. 
The DIR inputs for these drivers are complementary and therefore may be tied together and driven from 
the same logic control for bidirectional motor drive. The enables (EN) are tied together and driven by a 
pulse-width-modulated generator providing ‘‘on’’ duty cycles of 10% to 90% for speed control. A separate 
enable control is provided through a SN7409 logic gate. 
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SN75603, SN75604, SN75605 
HIGH-CURRENT HALF-H DRIVERS 


TYPICAL APPLICATIONS INFORMATION 


12 V 


5 


MOTOR MOTOR ae Enable 


5V 
(14) 

(1) Vcc ” 

(3) g 

ENABLE oo SN7409 - 

= 

GND o 

(7) < 

LOGIC INPUT = 2 

DIRECTION $ 

CONTROL = 

FIGURE 7. SN75603 AND SN75604 IN A BIDIRECTIONAL MOTOR a) 

CONTROL APPLICATION WITH SPEED CONTROL | 

Bare 

7) 

FUNCTIONAL TABLE FOR MOTOR CONTROL CIRCUIT DEFINITION OF TERMS USED IN FUNCTION TABLE rs 

“ea 

CT) 

a. 


EN DC SPC _ DIRECTION SPEED | Oe Direction control 
SPC ....Speed control 
eet Direction of current—right to left 
. meee Direction of current—left to right 
5 eg rere’ High logic level 
ET Sae Pato Low logic level 
Gripe ae Speed control set for narrow pulse width 
eee Speed control set for wide pulse width 
Pee Biha-& sink Irrelevant 


TEXAS a 5-131 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN75603, SN75604, SN75605° 
HIGH-CURRENT HALF-H DRIVERS 


TYPICAL APPLICATIONS INFORMATION 


power solenoid drive 


si0}enj}oy/SIsAUG jesoudusdg on 


5-132 


The SN75603, SN75604, and SN75605, with up to 70 watts of output drive capability, are ideal for driving 
high-power solenoids. In applications that require high drive currents, these devices may be used as individual 
drivers or combined for bidirectional drive applications. A typical application would be a power solenoid 
operating a fluid-flow-control valve. 

Figure 8 shows the SN75603 and the inverting SN75604 in a basic drive configuration for a reversing 
power solenoid. 


EN Vcc 


POWER 


DIR 
SOLENOID 


FIGURE 8. REVERSIBLE POWER SOLENOID DRIVE 
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SN75608 
DUAL FLUX-REGULATING ACTUATOR 


D2955, DECEMBER 1986 


2.5-A Current Capability per Channel KV SINGLE-IN-LINE PACKAGE 


For Split-Supply Applications (TOP VIEW) 


rats Ss SSOURCE 
RAI? Yo ol 

Hasna AERC ANE Sah 
iis AR Se ats br 
Rael Se Ee Bs 3 
aE Ig * - 


Wide Differential Supply Voltage 
Range .. . 30 V to 60 V 


@ High-lmpedance Clamped Inputs Compatible 
with TTL or CMOS Devices 


® Output Clamp Diodes for Inductive Transient 


Suppression 2CAP 
8 ‘C 
@ Thermal Shutdown 7 ICAP 
@ Internal ESD Protection 6 VEE 
: 5 GND 
@ Short-Circuit Protection on Sink Outputs 4 1A 
@ Input Hysteresis Improves Noise Immunity 3 1SINK 
2 V 
@® No Output Glitch During Power-Up or 1 isn 


ADVANCE INFORMATION 


Power-Down 


@ 15-Pin SIP Power Package 


The tab is electrically connected to the Veg pins. 


5 


description 


The SN75608 is a high-current dual flux-regulating actuator designed for switching double-ended loads 
with currents up to 2.5 amperes at differential supply voltages from 30 volts to 60 volts. It is designed 
to drive and control the electromagnetic flux in printheads, solenoids, relays, and other loads whose 
inductance value varies during operation. 


The SN75608 performs the function of flux regulation under control of standard TTL or CMOS input signals 
for two independent channels. Flux is proportional to the integral of the inductive-load voltage. It is a function 
of the total amount of current in the load and is the magnetic field maintained in the load. With flux regulation, 
the load current will vary to compensate for core saturation, temperature changes, and other variations 
of load inductance during operation while maintaining controlled, relatively constant flux in the load. 


Each channel has separate sink and source driver outputs for driving each end of the inductive load. Internal 
feedback, consisting of an integrator and voltage comparator, provides flux regulation via chop-mode 
operation of the source output. The integrator circuit provides current to the capacitor terminal (CAP) 
proportional to the differential voltage between the sink and source outputs for each channel. The integrator 
requires an external capacitor connected between the CAP and Veg terminals. The voltage at the CAP 
terminal, referenced to VEFf, is proportional to the integral of the source to sink (load) voltage. 


Peripheral Drivers/Actuators 


The feedback path is completed by a differential voltage comparator that controls the state of the source 
output. The inverting comparator input is connected to the CAP terminal, and the noninverting input is 
connected to an analog voltage, Vref(TC), which is referenced to VEE. Vref(TC) is proportional to the 
Threshold Control (TC) voltage, which is referenced to ground. The comparator hysteresis controls the 
charge and discharge voltage excursions at the CAP terminal and thus controls the on and off time of 
the source output chopper. 


ADVANCE INFORMATION documents contain 
information on new = in the sampling or 
preproduction phase ( 

data and other specifications are subject to change 
without notice. 


development. Characteristic 
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description (continued) 


The SN75608 features built-in thermal protection and a sink output over-current sensor to prevent damage 
to the device. The outputs are disabled under low-V¢cc or low-VE_E supply-voltage conditions to prevent 
transient output turn-on during power-up or power-down. The TC input is a combined threshold and logic 
input that disables the outputs when the TC input voltage is less than 0.8 V. This permits an external 
RC time delay at the TC input during logic system power-up to allow logic at input A to stabilize without 
causing undesired output turn-on. When a fault condition is detected by any one of these five protection 
features, the RS latch for each channel is set. The fault condition must be removed and the A input taken 
high before the RS latch will reset, reactivating the channel. 


The SN75608 is characterized for operation from — 20°C to 85°C. 


DRIVER FUNCTION TABLE (EACH CHANNEL) 


os woth tk OPERATING MODE COMMENTS 
ATC GAP | SOURCE SINK | 
<0.8 V Xx OFF OFF Disabled TC acts as a digital input referenced to GND 
xX 


X 

H 22V 

L Active 

: pee 


22-V-- eV 
INTEGRATOR FUNCTION TABLE (EACH CHANNEL) 


=2V >VT_ 
VOLTAGE 
CAP DIFFERENTIAL VOLTAGE | CAP TERMINAL 
INPUTS ; INTEGRATOR MODE OF OPERATION 
VOLTAGE | Vo(SOURCE) — VO(SINK) | (See schematic) 


Tc 


TC acts an an analog input referenced to GND 
(See Note 1) 


xX Q1 Sinking Reset (Disabled) 


X 

X Xx Q1 Sinking Reset 

X =300 mV Q2 Sourcing Charge 
2 VT = <= —300 mV Q3 Sinking Discharge 


H = high level; L = low level; X = irrelevant 
NOTE 1: The TC input has an operating range from O V to 6 V, but its effect on the CAP terminal is linear from approximately 
2 V to 6 V. The best linearity is achieved within the recommended operating linear range. 
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ADVANCE SN75608 
INFORMATION | DUAL FLUX-REGULATING ACTUATOR 


logic diagram (each channel, positive logic) 


TO OTHER 
CHANNEL 


SINK OUTPUT 
OVER-CURRENT 
SENSOR 


CHIP 
DISABLE 
PROTECTION 
LATCH 


JUNCTION 
OVER-TEMPERATURE 
SENSOR 


COMPARATOR 


ADVANCE INFORMATION 


| 
| 
| 
| ‘ i 
| OTHER INTEGRATOR 
| CHANNEL SOURCE 
; qd OUTPUT 
lo = -9m Vio” 
| SINK 
| OUTPUT 
| 1.4V 
| | REFERENCE 
| 5 
| Vv 
ref(TC) 
Tot ANALOG 
INPUT LEVEL SHIFTER | Vref(TC) eas 
| | 
COMMON TO BOTH 
| | 6 
i CHANNELS a 
GND VEE 
TO OTHER 
CHANNEL 


” 
en 
) 
ond 
© 
5 
~~ 
I) 

a § 

— 
” 
aes 
® 

2 
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a) 

r) 
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® 

£ 
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® 
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SN75608 ADVANCE 
DUAL FLUX-REGULATING ACTUATOR INFORMATION 


schematics of inputs and outputs 


EQUIVALENT OF EACH A OR TC INPUT EQUIVALENT OF EACH SOURCE OUTPUT 
Vcc Vcc 


VOLTAGE 
REGULATOR 


SOURCE 
OUTPUT 


NOILVINYOSNI AONVAGV 


EQUIVALENT OF EACH CAP TERMINAL 
(INTEGRATOR OUTPUT) 
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INFORMATION DUAL FLUX-REGULATING ACTUATOR 
absolute maximum ratings over operating temperature range (unless otherwise noted) a 
Supoly voltage sande, Vcc (sea Notes: 2 and 3). oe Sie he us Le —0.3 V to 60 V oO 
Susply-volttage range, Ver isee Note: 3)... iia. Je ee ee -60Vto0.3V 
Voltage difference range between supply voltages, Vcc — VEE............... —0.3 V to 60 V = § 
Input voltage range, Vj, A and TC inputs (see Note 4).................. —1.6 V to VEE +60 V => 
CAP rer iat TAO, YA BY a 4s ody we ke re eas SE hoe Sh ga aoe pd ear esp VEE-0.3 V to Vcc oc 
Source output voltage range, VO(SRC) (see Note 4)................. VEE-3 V to Vcc +0.3 V O 
Sink output voltage range, VO(SNK) (see Note 4).................-. VeEE-0.3 V to Vcc+4 V LL. 
SViCMaE GREENE.) PEACE Gl MONIES og oh Stee dg SEE Pow hn) x wo 4 Se eke HO OMeAS ae laa mat ay aime: Medes —-15mA a 
Peak output current, source and sink outputs (nonrepetitive, tw < 100 ws), |OM.......... +35 vous 
Continuous dissipation at (or below) 90°C case temperature (see Note 5)................ 20 W LU 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 5) ........... 3.575 W (S) 
Operating case or virtual junction temperature range ................00000- —20°C to 150°C 2 
rset LOND RUG ERO 68 ita ais acs aide coe ok Se leks few la ode haus ode epee Gaelic -—65°C to 150°C = 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds................... 260°C > 
NOTES: 2. All voltage values, except differential voltages, are with respect to the network ground terminal. Q 
3. Both Vcc pins must be connected together as close to the package as possible for optimum testing and operation of the 6 
device. Veg pins are handled in a like manner. 
4. The maximum current limitation at this terminal generally occurs at a voltage of lower magnitude than the voltage limit. Neither 
the maximum current nor the maximum voltage for this terminal should be exceeded. 
5. For operation above 25°C free-air temperature, derate linearly at the rate of 28.6 mW/°C. For operation above 90°C case 5 


temperature, derate linearly at the rate of 333 mW/°C. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 


Supply voltage, Vcc 
Supply voltage, Veg 


Operating virtual junction temperature, Ty -—20 125 


T The algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels. 
NOTE 1: The TC input has a operating range from O V to 6 V, but its effect on the CAP terminal is linear from approximately 2 V to 6 V. 
The best linearity is achieved within the recommended operating linear range. 
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electrical characteristics over recommended ranges of VCC. VEE, and virtual junction operating temperature (unless 


otherwise noted) 
Typt MAX 


Vik Input clamp voltage at A or TC = -—12 mA 
Vec-2.8 Vec- 1.9 


| Source output FO — A —_ | 
Vv 3.7 V 2.5 
be SGM: eat Buin Ne 


TEST CONDITIONS 
ie eee ee se 
; 

| 


VOlon) On-state output voltage 


VICAP CAP terminal output voltage CAP) = 1mA, Reset mode Veet+O.4 VeE+0.2 


Vee-1.1_ Vee-1.6 
VOK(SRC) Source output clamp voltage z ek See Note 6 EE EE 


Vee-1.5 Vege-2.2 


Vv 
Vect+1.4 Vcc+2.1 
Vect+2.2 Vect+3.3 


VOK(SNK) ‘Sink output clamp voltage 


| NEE TERIA : SRN Aton mgagie ras 
Siem : Vo = Vee eee ee 
High-level input current at A Vy = 5.5V Hees UMN CP Sa: 


Rc UT O18 EP 


VuTC) = 5 V. VicAP) = VEE +2 V, 
Ri = 1 kQ from Source to Sink 
Discharge mode | . !(TC) (CAP) EE 
lo(sRc) = —10 mA, loisnk) = 10 mA 
Vi(TC) 


Ri = 1 kQ from 
0.95 VTC) 
VicAP) = Veg to VT + — 0.1 V 


Source to Sink, 

I = —10 mA, | = 10 mA, 
Discharge mode O(SRC) mA, 'O(SINK) 

Vcap = VT4 + 0.1 Vto V7T_ + 0.1 V 


VTC) = 2VtobBV 
T All typical values are at Vcc = 20 V, Veg = —20V, Ty = 25°C. 
+ Transconductance (gm) of the integrator is: cap)/[Visrc) — V(SNK)]. The ratio of V— + /ViTC) is factory adjusted to compensate for variances in gm. This causes 
the integration time to be more constant from unit to unit. 
NOTES: 6. These parameters must be measured on one output at a time using pulse techniques, ty = 1 ms, duty cycle <10%. 

7. Threshold values are those voltage levels at the CAP terminal at which the source output changes state. A level more positive than V7 + causes the source 
output to go to the off state, and a level more negative than V7 — causes the source output to go to the on state. Both V7 + and V7 -~ are variable values 
that are dependent on the voltage level at the TC input. 

8. V7+ and VT — are measured differentially with CAP terminal voltage referenced to the Veg terminal. 

9. Both V7 4 and VT— must be measured at the same junction temperature using the same TC voltage. 


SSS 


(CAP) Current at CAP terminal 


% 


Positive-going threshold voltage 
at CAP terminal (charge mode) 


VT + 


See Notes 7 and 8 


See Notes 7, 8, and 9 


Ry = 1 kQ from Source to Sink, 


Negative-going threshold voltage 

at CAP terminal (discharge mode) 
Vhys Normalized hysteresis at CAP 
Terminal [((VT + -— VT—WVT+] 


Charge mode 


Bian? Transconductance of integrator 
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electrical characteristics over recommended ranges of VCC, VEE, and virtual junction operating 
temperature (unless otherwise noted) (continued) 


PARAMETER 
| Supply current from V 
Rn CC! Disabled 
leE Supply current from Veg 
Icc Supply current from Vcc} All source and 
lee Supply current from Veg | sink outputs off 
E 


TEST CONDITIONS 


MIN TYPt MAX | UNIT 


Icc Supply current from VCC] All source and 

lee Supply current from Veg 

Icc Supply current from Vcc All source outputs 
off and all 


leEE | Supply current from VEE | sink outputs on 


sink outputs on 


mA 
yf =28 45 | ma | 
eee 
pe ee 


ViCAP) = VEE + 5 V 


T All typical values are at Vcc = 20 V, Veg = —20 V, Ty = 25°C. 


switching characteristics, TA = 25°C 


UNIT 


ADVANCE INFORMATION 


é 


Vcc = 20 V, Vee = -20V, 
CL = 30 pF, See Figure 1 


Peripheral Drivers/Actuators 
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> PARAMETER MEASUREMENT INFORMATION 
20 V 

= Se 20 V 
©) SINK OUTPUT 
m C_ = 30 pF 
a is pi (See Note B) 
a GENERATOR 
“Tl (See Note A) = 
O CAP SOURCE SOURCE OUTPUT 
a 
<= s1B Ve" on (See Note B) 
> (Veg + 2 V) = -20V — 
=i TEST CIRCUIT 
Za <10 ns—+¢—> p< 10 ns 

POE 3V 

| | 

| | 
5 A INPUT } | 

. eh es eS Ov 
2 seein acces « 
J ton—#—>r ott 
3 3 aos 
4 SOURCE : | ee a 
ry aor ! 50% | | : 50% 
| 
9 eee ae Voff 
< | ee ty . e—_P- tty 
@ | 
o ton—+¢—_ > +—r- tof 
-<f | off 
> 
= SINK 
OUTPUT 
| 

* | SE Mane V 
Oo | | 1 | on 
Oo tty —7+— he—_ot-— try 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR < 5 kHz, tw = 10 us, Zp = 502. 
B. C,_ includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES FROM A INPUTS 
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ADVANCE SN75608 
INFORMATION : DUAL FLUX-REGULATING ACTUATOR 


TYPICAL APPLICATION DATA 


A typical application of the SN75608 Dual Flux-Regulating Actuator driving inductive loads is shown in Figure 2. 
Figure 3 illustrates representative waveforms that occur with the circuit connected as shown in Figure 2. The 
waveforms illustrate adjustment of output current in the load to compensate for a change in the load inductance 
while maintaining a constant CAP voltage waveform and thus constant electromagnetic flux in the load. 


For optimum operation, both VCc pins must be connected together, close to the package, as well as all three 
VEE pins. A low-impedance bypass capacitor, 10 microfarads or larger, should be connected between VCC 
and V_EgF, also close to the package. The value of the integration capacitor connected between the CAP terminal 
and Veg is dependent on the load characteristics and the performance desired. The analog voltage on the TC 
terminal may be varied between 2 volts and 6 volts for fine adjustment of integrator timing characteristics. 


5V 20 V 


Vcc 


SN75608 


1SOURCE 2SOURCE 


L = 2 mH 
RinT = 52 


C = 0.0047 pF C = 0.0047 uF 


-20 V 
FIGURE 2. TYPICAL DOT-MATRIX PRINTHEAD-DRIVER APPLICATION 
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TYPICAL APPLICATION DATA 


INPUT VOLTAGE === OY 


ce ee eo en ma 
LOAD INDUCTANCE fe: 


LOAD CURRENT 


SAAT OO RCAC ~~ «VEE + Vite) 
oe eS eee 4 Same eo RS Cn EROS 


CAP VOLTAGE 


SOURCE OUTPUT 
VOLTAGE 


SIOJENIDY/SIBAUQ [esBYdHdq oF NOILVINYOANI AONVAGV 


~=-- Vege -1.5 V 
~«==— Ver +1.5 V 
SINK OUTPUT GND 
VOLTAGE 
momo Vee +1.5 V 


FIGURE 3. REPRESENTATIVE WAVEFORMS 
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D2973, DECEMBER 1986 


@ 2.5-A Current Capability per Channel KV SINGLE-IN-LINE PACKAGE 


@ For Positive Supply Applications (TOP VIEW) 


@ Wide Supply Voltage Range. . . 30 V to Ch eae 


6 
_ 
60 V arr s Vee <x 
AEROBIE Vp || 
@ High-impedance Clamped Inputs Compatible mesma = 
? ‘ cc 
with TTL or CMOS Devices 
» GND O 
@ Output Clamp Diodes for Inductive Transient sdcie Lasaees ch a LL 
Suppression iieceiieks he | 2 
SEARS Ty y= — 
@ Thermal Shutdown Deseret eee 1CAP Lu 
@ Internal ESD Protection Phe GND © 
op re : : PENI RESER Toe SN = 2 
@ Short-Circuit Protection on Sink Outputs mmmcebemaie 2 2 
@ input Hysteresis Improves Noise Immunity teenie SINK > 
: : sch siidraiantammnit ES Q 
@® No Output Glitch During Power-Up or ——— > 1s0uRCE 
Power-Down . ~~ § 
@ 15-Pin SIP Power Package NC—No internal connection 
The tab is electrically connected to the GND pins. 
description 5 


The SN75609 is a high-current dual flux-regulating actuator designed for switching double-ended loads 
with currents up to 2.5 amperes at supply voltages from 30 volts to 60 volts. It is designed to drive and 
control the electromagnetic flux in printheads, solenoids, relays, and other loads whose inductance value 
varies during operation. 


The SN75609 performs the function of flux regulation under control of standard TTL or CMOS input signals 
for two independent channels. Flux is proportional to the integral of the inductive-load voltage. It is a function 
of the total amount of current in the load and is the magnetic field maintained in the load. With flux regulation, 
the load current will vary to compensate for core saturation, temperature changes, and other variations 
of load inductance during operation while maintaining controlled, relatively constant flux in the load. 


Each channel has separate sink and source driver outputs for driving each end of the inductive load. Internal 
feedback, consisting of an integrator and voltage comparator, provides flux regulation via chop-mode 
operation of the source output. The integrator circuit provides current to the capacitor terminal (CAP) 
proportional to the differential voltage between the sink and source outputs for each channel. The integrator 
requires an external capacitor connected between the CAP and GND terminals. The voltage at the CAP 
terminal, referenced to GND, is proportional to the integral of the source-to-sink (load) voltage. 
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The feedback path is completed by a differential voltage comparator that controls the state of the source 
output. The inverting comparator input is connected to the CAP terminal, and the noninverting input is 
connected to an analog voltage, Vref(TC), which is referenced to GND. Vref(TC) is proportional to the 
Threshold Control (TC) voltage, which is referenced to ground. The comparator hysteresis controls the 
charge and discharge voltage excursions at the CAP terminal and thus controls the on and off time of 
the source output chopper. 
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description (continued) 


The SN75609 features built-in thermal protection and a sink output over-current sensor to prevent damage 
to the device. The outputs are disabled under low-VCc¢ supply-voltage conditions to prevent transient output 
turn-on during power-up or power-down. The TC input is a combined threshold and logic input that disables 
the outputs when the TC input voltage is less than 0.8 V. This permits an external RC time delay at the 
TC input during logic system power-up to allow logic at input A to stabilize without causing undesired 
output turn-on. When a fault condition is detected by any one of these four protection features, the RS 
latch for each channel is set. The fault condition must be removed and the A input taken high before the 
RS latch will reset, reactivating the channel. 


The SN75609 is characterized for operation from — 20°C to 85°C. 


DRIVER FUNCTION TABLE (EACH CHANNEL) 


INPUTS OUTPUTS 
Pp 


OFF OFF Disabled TC acts as a digital input referenced to GND 


X <0.8 V 


X 
>2V » 4 
>2V <VT 4 ee TC acts as an analog input referenced to GND 
(See Note 1) 
=>2V SVT = 


INTEGRATOR FUNCTION TABLE (EACH CHANNEL) 


SB NOILVINYOANI JONVAGV 


VOLTAGE 
CAP TERMINAL 
INPUTS : INTEGRATOR MODE OF OPERATION 
(See schematic) 


Xx Q1 Sinking Reset (Disabled) 
Xx Q1 Sinking Reset 
=300 mV Q2 Sourcing Charge 
< —300 mV Q3 Sinking Discharge 


H = high level; L = low level; X = irrelevant 
NOTE 1: The TC input has an operating range from O to 6 volts, but its effect on the CAP terminal is linear from approximately 
2 V to 6 V. Best linearity is achieved within the recommended operating linear range. 
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logic diagram (each channel, positive logic) 


INPUT 


GND 


SINK OUTPUT 
OVER-CURRENT 
SENSOR 


CHIP 
DISABLE 
PROTECTION 

LATCH 


JUNCTION 
OVER-TEMPERATURE 
SENSOR 


COMPARATOR 


TO OTHER 
CHANNEL 


1.4-V 
REFERENCE 


oP. PESO | ee et Ne 


ANALOG 
LEVEL SHIFTER Vref(TC) 


COMMON TO BOTH 
CHANNELS 


TO 
OTHER 
CHANNEL 


Vcc 


TO OTHER 
CHANNEL 


SOURCE 
OUTPUT 


SINK 
OUTPUT 
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schematics of inputs and outputs 


EQUIVALENT OF EACH A OR TC INPUT 
Vcc 


VOLTAGE 
REGULATOR 


NOILVINYOSANI JONVAGV 


EQUIVALENT OF EACH CAP TERMINAL 
(INTEGRATOR OUTPUT) 


s 
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EQUIVALENT OF EACH SOURCE OUTPUT 
Vcc 


SOURCE 
OUTPUT 


EQUIVALENT OF EACH SINK OUTPUT 


Vcc 


SINK 
OUTPUT 
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absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage range, VCc (see Notes 2 and 3) ............ 2... eee ees -—0.3 V to 60 V 
Input voltage range, Vj, A and TC inputs (see Note 4) ................ 020 eee —1.6 V to 60 V 
CAR Sena TONnGO: MUCRON oie T olay cs gens Sew a he Me es 8 egies Bol bles -0.3 Vto Vcc 
Source output voltage range, VO(SRC) (see Note 4)................208- -3 V to Vcc +0.3 V 
Sink output voltage range, VO(SNK) (see Note 4)................00008. -0.3 V to Vcct+4 V 
SPR EER CUP T TR. UL, Os DAU ce WSS es So bee bE Gua em acabie dos vivid Cb ope ate Sle vie tle apa -15 mA 
Peak output current, source and sink outputs (nonrepetitive, tw < < 100 PU Be a” ager eee ter ae +3 A 
Continuous dissipation at (or below) 90°C case temperature (see Note 5)................ 20 W 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 5) ........... 3.575 W 
Operating case or virtual junction temperature range ...............00 eee ee — 20°C to 150°C 
Ste ere SUES RU FEO oa cy Soe Shad. wend oa Ge oe wk OE 8 pw b Mdioade whe wiewre -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds................... 260°C 


NOTES: 2. All voltage values, except differential voltages, are with respect to the network ground terminal. 

3. Both Vcc pins must be connected together as close to the package as possible for optimum testing and operation of the 
device. GND pins are handled in a like manner. 

4. The maximum current limitation at this terminal generally occurs at a voltage of lower magnitude than the voltage limit. Neither 
the maximum current nor the maximum voltage for this terminal should be exceeded. 

5. For operation above 25°C free-air temperature, derate linearly at the rate of 28.6 mW/°C. For operation above 90°C case 
temperature, derate linearly at the rate of 333 mW/ °C. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 


es ee ee ee 
oF 08 
a 
mae 


ieee oo ee eee 
[Operating viral junction temperature, Ty ——SSCSCSCSCSCSCSCSCS~ CH SS~«S 


TThe algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels. 
NOTE 1: The TC input has an operating range from O to 6 volts, but its effect on the CAP terminal is linear from approximately 2 V to 
6 V. Best linearity is achieved within the recommended operating linear range. 
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electrical characteristics over recommended ranges of VCC and virtual junction operating temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
ViK Input clamp voltage at A or TC = -—12 mA 
Veo -2.8:;Vec- 1.9 


MIN Typt MAX 


UNIT 


VOl(on) On-state output voltage 


Reset mode 


Vo = OV 
lO(off) Off-state output current . 

Vo = Vee 
WH High-level input current at A Vv; = 5.5 V 


5 
: 
3 Vu) = 5 V. Vicap) = 2 V, 
l(CAP) Current at CAP terminal RL = 1 kQ from Source to Sink 
Discharge mode. VTC) = 2 V. Vicap) = 5 V, 
lo(sRC) = —10 mA, lo(sNkK) = 10 mA 
at CAP terminal (charge mode) Fi. = torn Coa Hates Tiand® 


Negative-going threshold voltage 
VT- " siti : Source to Sink, 


, at CAP terminal (discharge mode) 
V N : : AP ViiTC) = 3Vto6bBV 
hys ormalized hysteresis at C Sin Nidten 7.8: wad’S 
VT+ Se 
he 4 Ri = 1 kQ from Source to Sink, 
rge mode 
: Vicap) =.0 VtoVr4 - O.1V 
| = —10mA, | = 10 mA, 
Discharge mode O(SRC) O(SINK) 


Voap = VT+ + 0.1 Vto V7_ + 0.1 V 
T All typical values are at Vcc = 40 V, Ta = 25°C. 
+ Transconductance (gm) of the integrator is: lCAP)/IV(SRC) — V(SNK)]. The ratio of VT +/V\(TC) is factory adjusted to compensate for variances in gm. This causes 
the integration time to be more constant from unit to unit. 
NOTES: 6. These parameters must be measured on one output at a time using pulse techniques, ty = 1 ms, duty cycle <10%. 

7. Threshold values are those voltage levels at the CAP terminal at which the source output changes state. A level more positive than V7 + causes the source 
output to go to the off state, and a level more negative than V7 _— causes the source output to go to the on state. Both V7 + and V7 -_ are variable values 
that are dependent on the voltage level at the TC input. 

8. V7 +4 and V7_— are measured differentially with CAP terminal voltage referenced to the GND terminal. 

9. Both V7 + and V7T_ must be measured at the same junction temperature using the same TC voltage. 


Vi(TC) 


0.95 Vi(TC) 
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= 
n 


Transconductance of integrator 


: 


Ww Ww ND 
—2 
o Ww 


609SZNS 


YOLVALIV INILVINDIY-XN1A 1WAG 


NOILVINYOINI 
JINVAGY 


ADVANCE SN75609 
INFORMATION DUAL FLUX-REGULATING ACTUATOR 


electrical characteristics over recommended ranges of VCC and virtual junction operatin 
temperature (unless otherwise noted) (continued) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Disabled 


All source and 
sink outputs off 


Vcc = 50V, 


Icc Supply current All source and 
sink outputs on 


No load 


All source outputs 
off and all 
sink outputs on ViICAP) = 5 V 


T All typical values are at Vcc = 40 V, Ta = 25°C. 


switching characteristics, TA = 25°C 
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MIN TYP MAX UNIT 
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Vcc = 40 V, Cy. = 30pF, See Figure 1 
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> PARAMETER MEASUREMENT INFORMATION 
< any 40 V 
Za 
©) SINK OUTPUT 
m Cy = 30 pF 
om pene at (See Note B) 
= (See Note A) = 
‘@) CAP SOURCE SOURCE OUTPUT 
a 
<= RL = 300 op (See Note B) 
— TEST CIRCUIT 
a <10 ns—t¢—> ¢—_>+— < 10 ns 

1 tot 

ats 

| | 
5 A INPUT 

| —_—|—--—_- eo Ov 
ae - aE. COR ERNE 
S. ton ce (¢—_ Hr toff 
3 | bate as 
> | NI 
SOURCE wee 

ey Shiner , 20 Yo | 50% 
U i ees : | Voff 
< | etry | ety 
@ | | 
> ! Voff 
Q SINK | : 
= OUTPUT 
o> | abs et Vv 
© | i | on 
Oo thy K4—_pi— ty 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR < 5 kHz, tw = 10 us, Zo = 502. 
B. C; includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES FROM A INPUTS 
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TYPICAL APPLICATION DATA 


A typical application of the SN75609 Dual Flux-Regulating Actuator driving inductive loads is shown in Figure 2. 
Figure 3 illustrates representative waveforms that occur with the circuit connected as shown in Figure 2. The 
waveforms illustrate adjustment of output current in the load to compensate for a change in the load inductance 
while maintaining a constant CAP voltage waveform and thus constant electromagnetic flux in the load. 


For optimum operation, both Vcc pins must be connected together, close to the package, as well as all three 
GND pins. A low-impedance bypass capacitor, 10 microfarads or larger, should be connected between Vcc 
and GND, also close to the package. The value of the integration capacitor connected between the CAP terminal 
and GND is dependent on the load characteristics and the performance desired. The analog voltage on the TC 
terminal may be varied between 3 volts and 6 volts for fine adjustment of integrator timing characteristics. 


5V 40 V 


Vcc 
2A 


SN75609 


1SOURCE 2SOURCE 
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C = 0.0047 uF C = 0.0047 uF 


FIGURE 2. TYPICAL DOT-MATRIX PRINTHEAD-DRIVER APPLICATION 
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TYPICAL APPLICATION DATA 
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LOAD INDUCTANCE ene amen ene tenn 


LOAD CURRENT 
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FIGURE 3. REPRESENTATIVE WAVEFORMS 
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INFORMATION QUADRUPLE HALF-H DRIVER 


D2942, NOVEMBER 1986 


NE DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1-A Output Current Capability per Channel 


Output Clamp Diodes for Inductive Transient 
Suppression 1,2EN[]1 Udell Veci 


@ Applications Include Half-H and Full-H gi CL Ee 


Solenoid Drivers and Motor Drivers 
HEATSINK AND 


HEATSINK AND 
Designed for Positive-Supply Applications GROUND 


GROUND 


Wide Supply Voltage Range: 
4.5 V to 36 V SPST. SOL Oe 


@ TTL- and CMOS-Compatible High-Impedance 
Diode-Clamped Inputs 


FUNCTION TABLE 


ADVANCE INFORMATION 


@ Separate Input-Logic Supply (EACH CHANNEL) 
@ Thermal Shutdown 
@ Internal ESD Protection : 
@ input Hysteresis Improves Noise Immunity 
X L Z 
® Three-State Outputs 
@ Minimized Power Dissipation H = high-level 5 
L = low-level 
@ Sink/Source Interlock Circuitry Prevents X = irrelevant 
Z = high-impedance (off) 


Simultaneous Conduction 


@® No Output ‘’Glitch’’ During Power-Up or 
Power-Down 


@ Improved Functional Replacement for the 
SGS L293D 


description 


The SN754410 is a quadruple high-current half-H driver designed to provide bidirectional drive currents 
of up to one ampere at voltages from 4.5 volts to 36 volts. It is designed to drive inductive loads such 
as relays, solenoids, dc and stepping motors, as well as other high-current/high-voltage loads in positive- 
supply applications. 


All inputs are compatible with TTL and low-level CMOS logic. Each output (Y) is a complete totem-pole 
driver with a Darlington transistor sink and a psuedo-Darlington source. Channels are enabled in pairs with 
channels 1 and 2 enabled by 1,2EN and channels 3 and 4 enabled by 3,4EN. When an enable input is 
high, the associated channels are enabled and their outputs become active and in phase with their inputs. 
When the enable input is low, those channels are disabled and their outputs are off and in a high-impedance 
state. With the proper data inputs, each pair of drivers form a full-H (or bridge) reversible drive suitable 
for solenoid or motor applications. 
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A separate supply voltage (VC¢1) is provided for the logic input circuits to minimize device power dissipation. 
Supply voltage (VCC2) is used for the output circuits. 


The SN754410 is designed for operation from —40°C to 85°C. 
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logic symbolt logic diagram 


1A 
1,2EN 


2A 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


schematics of inputs and outputs 
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EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Logic supply voltage range; VCC Asee Notect)i iio. Sen ec ce wa ee —0.5 V to 36 V 
CUIPUt- BODDIy-VeRInOe TONS, VCCS aid 66s. ea e's we a Pe wae Gh Ba as so aes -0.5 V to 36 V 
AINE UMN So eras i et I) ara poe vie ACA «oD bog MS LOL el bcc WL ERE RS 36 V 
ee cl Eo Tie i ae a te ae Ce Aes Na ig Oo SRE voy -3 V to Vcc2+3 V 
Peak: output current: (nonrepetitive, tw = 5 MS), IPK i. 6 es i ce le eee bane savin +2 A 
COIeRAEPy an ARIE CNN AEs a Sao ong aed OS Se PH e OI ee ek, oe +1.1A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 2) ........ 7375 mW 
Operating case or virtual junction temperature range ...............0000 eee —- 40°C to 150°C 
SO PeIane TINO AT PEO ne ig ir As a as AID a et ae ee Bae ew bas -65 °C\to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds............ sae eee 6c - OOo G 


NOTES: 1. All voltage values are with respect to the network ground terminal. 

2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. For operation above 25°C case 
temperature, derate linearly at the rate of 59 mW/°C. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 
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—40 85 


#4) Ao 


tThe algebraic convention, in which the least positive (most negative designated minimum), is used in this data sheet for logic voltage levels. 
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SN754410 ADVANCE 
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electrical characteristics over recommended ranges of VCC1, VCC2, and operating virtual junction 
temperature (unless otherwise noted) 


PARAMETER 3 TEST CONDITIONS MIN Typt MAX UNIT 
IOH = —0.5A Vec2-1.5 Vec2-1.1 a 
Vv 


High-level output voltage 


lon = =A Vec2-2 


Vcc2-1.8 Vcec2-1.4 


VOH 


| 
> 
ge 
—| 

c. 

Il 
N 
o1 
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VoL Low-level output voltage 


%2 1.8 
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_—| —| © 
>| >| a 
> 
| 
II 
No 
ol 
o 
‘@) 
—_ 
£ 
ee 


J 


lok = 1A Vec2+1.9 Vec2+2.5 
lok = -—O0.5A —2 
output current Vo =0 
vj = 5.5V 
IL i ee 


) 


| Low-level input current V 


Ww 
ee) 


All outputs at high level 
All outputs at low level 
All outputs at high impedance 


fone All outputs at high level 


~ 
oO 


Icc1 Logic supply current 


WIN 
wo 


i) 
oO 


lcc2 Output supply current 


All outputs at low level 
All outputs at high impedance 


TAIl typical values are at Vcc, = 5 V, Veco = 24 V, Ta = 25°C. 
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switching characteristics, Vcc1 = 5 V, Vcc2 = 24 V, Ta = 25°C 


PARAMETER TEST CONDITIONS 


tpLH Delay time, low-to-high-level output from A input 


MAX 


= 
= 
+ 
< 
vu 


ioe) 
oOo 
io) 


L 
2) 
io) 


tpHL Delay time, high-to-low-level output from A input 


2) 
as 
II 


Ww 
jo) 
, 


30 pF, See Figure 1 


tTLH ‘Transition time, low-to-high-level output 


tTHL ‘Transition time, high-to-low-level output 


~s 
2) 
(2) 


tpZH Enable time to the high level 


tpz_ Enable time to the low level 


tpHz Disable time from the high level 
tpLz Disable time from the low level 


Ci = 30 pF, See Figure 2 
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ADVANCE SN754410 
INFORMATION QUADRUPLE HALF-H DRIVER 


PARAMETER MEASUREMENT INFORMATION 


INPUT 5V 24V 


Vcec1 Vcc2 


PULSE 
GENERATOR 
(See Note A) 


o 


CIRCUIT 
UNDER yY 
TEST 


3 V 


OUTPUT 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


ADVANCE INFORMATION 


NOTES: A. The pulse generator has the following characteristics: tt < 10 ns, ts < 10 ns, ty = 10 ws, PRR = 5 kHz, Zoyt = 502. 
B. Cy includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES FROM DATA INPUTS 


5 


” 
he 
INPUT 5V 24V 12V S 
2) 
- = 
GENERATOR EN i INPUT < 
(See Note A) CIRCUIT 2 
UNDER y OUTPUT o 
TEST 2 
hn 
CL = 30 pF Q 
(See Note B) 
& 
he 
To 3 V for tpzy andtpyz == = 3 
To O V for tpz, and tp_z jo8 
= 
TEST CIRCUIT OUTPUT | CT) 
a. 
| <b — == Von 
OUTPUT ; | 
50% 50% 
=12V 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: tp < 10 ns, ts = 10 ns, ty = 10 us, PRR = 5 kHz, Zoyt = 50 2. 
B. Cy includes probe and jig capacitance. 


FIGURE 2. SWITCHING TIMES FROM ENABLE INPUTS 
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SN754410 


ADVANCE 


QUADRUPLE HALF-H DRIVER INFORMATION 
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TYPICAL APPLICATION DATA 


5V 24V 


(8)| SN754410 
Vcc1 B Vcc2 


CONTROL A 


CONTROL B 


FIGURE 3. TWO-PHASE MOTOR DRIVER 
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ADVANCE | SN754411 
INFORMATION 


1-A Output Current Capability per Channel NE DUAL-IN-LINE PACKAGE 


Applications Include Half-H and Full-H (TOP VIEW) 


Solenoid Drivers and Motor Drivers 1,2EN (1 UieQ) Vcc 
Designed for Positive-Supply Applications 


Wide Supply Voltage Range: HEATSINK AND 


4.5 V to 36 V GROUND 


HEATSINK AND 
GROUND 


@ TTL- and CMOS-Compatible High-impedance 2A; sof] 3A 
Diode-Clamped Inputs 
Vcc2 Ljs 9[] 3,4EN 
@ Separate Input-Logic Supply 
@ Thermal Shutdown FUNCTION TABLE 
- 1ESD P (EACH CHANNEL) 
nterna rotection 
OUTPUT 
@ Input Hysteresis Improves Noise Immunity TA EN. Yy 
@ Three-State Outputs es H 
L H L 
@ Minimized Power Dissipation x L Z 
@ Sink/Source Interlock Circuitry Prevents a enistoue) 
Simultaneous Conduction p. 5 nite 
@ No Output ‘’Glitch’’ During Power-Up or ; = Rah inedents beh 
Power-Down 
@ Improved Functional Replacement for the 
SGS L293 
description 


The SN754411 is a quadruple high-current half-H driver designed to provide bidirectional drive currents 
of up to one ampere at voltages from 4.5 volts to 36 volts. It is designed to drive inductive loads such 
as relays, solenoids, dc and stepping motors, as well as other high-current/high-voltage loads in positive- 
supply applications. 


All inputs are compatible with TTL and low-level CMOS logic. Each output (Y) is a complete totem-pole 
driver with a Darlington transistor sink and a psuedo-Darlington source. Channels are enabled in pairs with 
channels 1 and 2 enabled by 1,2EN and channels 3 and 4 enabled by 3,4EN. When an enable input is 
high, the associated channels are enabled and their outputs become active and in phase with their inputs. 
When the enable input is low, those channels are disabled and their outputs are off and in a high-impedance 
state. With the proper data inputs, each pair of drivers form a full-H (or bridge) reversible drive suitable 
for solenoid or motor applications. 


External high-speed output clamp diodes should be used for inductive-transient suppression. A separate 
supply voltage (VCC1) is provided for the logic input circuits to minimize device power dissipation. Supply 
voltage (VCC2) is used for the output circuits. 


The SN754411 is designed for operation from —40°C to 85°C. 


ADVANCE INFORMATION documents contain ° Copyright © 1986, Texas Instruments Incorporated 
information on new products in the sampling or Y/ 

preproduction phase of development. Characteristic TEXAS 
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QUADRUPLE HALF-H DRIVER 


D2942, NOVEMBER 1986 


o8 ADVANCE INFORMATION 
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SN754411 ADVANCE 
QUADRUPLE HALF-H DRIVER INFORMATION. 


logic symbolt logic diagram 


3Y 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


schematics of inputs and outputs 


NOILVINYOANI ADNVAGV 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


< 


Vcoc2 
Vcc1 


CURRENT 
SOURCE 


OUTPUT 
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ADVANCE SN754411 
INFORMATION QUADRUPLE HALF-H DRIVER 


eee ea... 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Logic supply voltage range;.\VCcc7 (see Notes Wien: Meni eee eo eS -0.5 V to 36 V 
QUtputmupniy-Vameae Tange, VR fo hoy eee od Bee lest Saute & 6 a le WOES —0.5 V to 36 V 
BEAEIRIE WES S "See Ght org G 6G hs ween arin na ct ie Ska eh MEERA: BOUSGAPD Fo dade eae bs Re wee 36 V 
RU Omi SORIIG  ) oie Pr ale ey ee eee oe Ss Gos aed s Gis sgl -3V to Vcc2+3 V 
Peak output currant tnanrepettive, tar S. DOO IPI: 6 shisha cae ee wee eae ee eal +2 A 
aE CUEING: THE AE CAMERON AREY Sd 5 la.n0 csp. ip, apt Cheon os wa Ae ae, EM Sk NOs Vk a Pee ee +1.1A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 2075 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 2) ........ 7375 mW 
Operating case or virtual junction temperature range ..............200000 ee - 40°C to 150°C 
PO TROM aa IDOSGTNE TREE F200 Gand ba ee ie x GO a oP EO a waa ws -—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................00004 200 7G 


NOTES: 1. All voltage values are with respect to the network ground terminal. 

2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. For operation above 25°C case 
temperature, derate linearly at the rate of 59 mW/°C. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, 
the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 


o8 ADVANCE INFORMATION 


Operating free-air temperature, Ta 


TThe algebraic convention, in which the least positive (most negative designated minimum), is used in this data sheet for logic voltage levels. 
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SN754411 ADVANCE 
QUADRUPLE HALF-H DRIVER INFORMATION 


electrical characteristics over recommended ranges of VCC1, VCC2. and operating virtual junction 
temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Vik Input clamp voltage lj = -—12 mA 


Veeo=1.5- Voce =1.1 
lIoH = -1A Vcec2-2 Vv 
loH = -1A, Ty = 25°C Vec2-1-8 Vcc2-1.4 


MIN Typt MAX 


b 


VOH _—High-level output voltage 


Tot = 05 A RiataauRR Ait ST 

VoL __ Low-level output voltage lol = 1A V 
ion = TA Ty = 25 Pees ae 

loz pA 
output curren Vo=0 Se ee re ee 
Vi = BBV Bees eS ERG 
v= ca ates 
[AT outputs at igh evel [3 
Icc1 Logie supply current 
[All outpute-at high impedance [25 1] 
Icc2 Output supply current [Al-outpute at tow level [20 
[A outputs at high impedance [Ss 


TAIl typical values are at Vcc1 = 5 V, Vec2 = 24 V, Ta = 25°C. 


switching characteristics, VCC1 = 5 V, Vcc2 = 24 V, Ta = 25°C 


PARAMETER 
tpLH Delay time, low-to-high-level output from A input 
t Delay time, high-to-low-level output from A input ; 
DHL a : ‘ is : va ‘lal c 30 pF, See Figure 1 
tTLH ‘Transition time, low-to-high-level output 
tTHL Transition time, high-to-low-level output 


tpzH Enable time to the high level 


tpz_ Enable time to the low level 


tpHz Disable time from the high level 
tpLz Disable time from the low level 


30 pF, See Figure 2 
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ADVANCE S$N754411 
INFORMATION QUADRUPLE HALF-H DRIVER 


PARAMETER MEASUREMENT INFORMATION 


INPUT 5V 24V 


Vcc1 Vcc2 


PULSE 
GENERATOR 
(See Note A) 


CIRCUIT 
UNDER Y 
TEST 


OUTPUT 


Cy = 30 pF Fe we 
(See Note B) —p| t 
| e— toni 4 i 


3V 


TEST CIRCUIT 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: tp < 10 ns, tg < 10 ns, ty = 10 ws, PRR = 5 kHz, Zoyt = 50 2. 
B. C, includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES FROM DATA INPUTS 


S18) ADVANCE INFORMATION 


” 
on 
o 
dud 
INPUT 5V 24V 12V a 
= | 
vw) 
Vec1 Vec2 be 
PULSE apa £° { 
GENERATOR EN r INPUT OD 
(See Note A) CIRCUIT 5 
UNDER yY OUTPUT 2 
TEST = 
CL = 30 pF Q 
(See Note B) rr] 
See 
® 
To 3 V for tpzy andtpyz == = = 
To O V for tpz, and tp_z = 
® 
TEST CIRCUIT OUTPUT Oo. 
OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: tt < 10 ns, ts < 10 ns, tw = 10 us, PRR = 5 kHz, Zoyt = 50 2. 
B. C, includes probe and jig capacitance. 


FIGURE 2. SWITCHING TIMES FROM ENABLE INPUTS 
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SN754411 
QUADRUPLE HALF-H DRIVER INFORMATION 


ADVANCE 
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CONTROL A 


CONTROL B 


TYPICAL APPLICATION DATA 


5 V 24V 


(8) 
10 ko Vcc1 BD Vcc2 = 
LS V 


st : ) 
MOTOR 


ALL DIODES: 1N4935 
(4,5,12,13) 


FIGURE 3. TWO-PHASE MOTOR DRIVER 
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TL376C 
THREE-CHANNEL STEPPER-MOTOR DRIVER 


D2570, DECEMBER 1979 


Three Independent Inverting Stepper-Motor NE DUAL-IN-LINE PACKAGE 
Driver Circuits (TOP VIEW) 


@ High Output Source Current... 500 mA 
Typ 


High Output Sink Current .. . 500 mA Typ 


Inputs Are Compatible with Bipolar and 
MOS 


@ Wide Supply Voltage Range...4 V 
to 18 V 


® Threshold Voltage Range is Approximately 
One-Half Vcc 


Active Pull-Down on Each Input 


Low Standby Power Dissipation 


14-Pin NE Power Package tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


description 


The TL376C is a monolithic bipolar three-channel stepper-motor driver. The input signal is inverted through 
the device and drives a totem-pole output section. Each output can source or sink up to 500 milliamperes. 
The wide supply-voltage range coupled with a threshold voltage level of approximately one-half Vcc allows 
this device to interface with MOS as well as bipolar outputs. An active-pull-down circuit is included on 
each input. In typical operation, a microprocessor supplies a three-phase signal to the device, which then 
drives a two-winding stepper-motor. 


The TL376C is characterized for operation from O°C to 70°C. 


5 


schematic (each driver) 
COMMON ; IN 


ar : 
TO TWO Sy wes 


Peripheral Drivers/Actuators 


OTHER AMPLIFIERS 


OUT 


PRODUCTION DATA documents contain information Ri Copyright © 1979, Texas Instruments Incorporated 


Resistor values shown are nominal. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
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TL376C 
THREE-CHANNEL STEPPER-MOTOR DRIVER 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


UY VONROR Wt eG OUD. AE ca o's ons GSR 6S Poca o wie Ft of eRe p BS et aR we Reng ee 22 V 
| ys Rees oi gS oy Se Ori teon ie el eet Ee SOR eRe ee ae Mm eS LIA SK ty aie Fy oe aa | VCC 
nr OIE ee ate gs a es dR ee OL ee, Be -0.9 V to Vec +1 V 
Cermist Currerit GCIs SIMUTIOl Ss adie sb on eg gh perch Eras pare eee cleat See ee 550 mA 
Total power dissipation at (or below) 25°C free-air temperature (see Note 2).......... 2075 mW 
SIOSGS- TOMDSIETIN A TANGO Sica. ce eS AOA es OE Pe ee ae =—65°C to: 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................204- 260°C 


NOTES: 1. Voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. 


recommended operating conditions 


; Vcc 
High-level input voltage, Viy —+0.8 Vcc 
2 


UNIT 
Fee 
Low-level input voltage, Viz = Ove V 


Supply voltage range, Vcc 
Operating free-air temperature, Tp 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 


VoL __ Low-level output voltage lo. = 500 mA, Vi = Ving min SON tarr ea Me ey 7] 
VOH High-level output voltage IOH = —500 mA, Vi = ViL max Vec-1.5 
I 

Icc 


5 


: vi = Vee ee ee 
nput current 

Via 18 V os SOP 2s 

Supply current Ouiputs open, Veo = 18V 


tTypical values are measured at Vcc = 15 V, Ta = 25°C. 


Inputs open, 
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lj—Input Current—ypA 


TL376C 


THREE-CHANNEL STEPPER-MOTOR DRIVER 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


4 6 8 
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V;—Input Voltage—V 
FIGURE 1 


Vo_—Low-Level Output Voltage—V 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


0 
0 100 200 300 400 
lo_—Low-Level Output Current—mA 


FIGURE 3 


OUTPUT VOLTAGE 


vs 


INPUT VOLTAGE 


6 68 


10 12 14 16 18 20 


Vi—Input Voltage—V 


FIGURE 2 


500 


4 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


5 


Peripheral Drivers/Actuators 


5-167 


‘TL376C 
THREE-CHANNEL STEPPER- MOTOR DRIVER 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT VOLTAGE SUPPLY CURRENT 
vs vs 
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE 
18.0 
Vcc = 18 V 
7 Vi = 0 
® 
@ 17.8 a 
ra) E 
> 
217.6 3 
S 5 
2) oO 
ic Baie be a Gh es 3 
617.4 e 
£ 7) 
2 | 
eA tl. 8 
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17.0 a 0 
0 -100 -200 -300 __ =e Os 224 = Bo Bri oie 346218 20 
loH— High-Level Output Current—mA Vcc—Supply Voltage—V 
FIGURE 4 FIGURE 5 
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UDN2841, UDN2845 
QUADRUPLE HIGH-CURRENT DARLINGTON DRIVERS 


D2507, DECEMBER 1980—REVISED AUGUST 1986 


Reliable Monolithic Construction 


@ For Use with Negative Supplies NE DUAL-IN-LINE PACKAGE 
@ Current Sink... UDN2841 da oti 

@ Sink or Source Combination . . . UDN2845 a et  16[] 4€ 

® Output Current Capability ...1.5A 1IN [13 

®@ High Output-Voltage Capability . . . 50 V ee ae Ne, 

@ Preamplifier for High Current Gain GND [le 

® Inputs Compatible with TTL and 5-V CMOS 2 -, 

% 

a 


Designed to be Interchangeable with 
Sprague UDN2841 and UDN2845 


description 


These quadruple Darlington switches are monolithic bipolar devices especially designed for high-current, 
high-voltage peripheral driver applications. The devices are designed to offer solutions to interface problems 
involving electronic-discharge printers, bipolar and unipolar dc motor drivers, telephone relays, LEDs, PIN 
diodes, and other high-current loads operating from negative power supplies. 


5 


The UDN2841 is intended for current-sink applications with the load connected to ground and the device 
switching the negative supply. The UDN2845 is a sink and source combination for use in bipolar switching 
applications where both ends of the load are floating. The UDN2841 and UDN2845 each feature inputs 
that are compatible with standard TTL and 5-volt CMOS signals. The p-n-p input transistor serves as a 
level translator and the first n-p-n transistor stage is designed to provide sufficient current gain to drive 
the output Darlington-connected pair. 


Driver channels 2 and 4 have uncommitted collectors and emitters while 1 and 3 have emitters internally 
connected to the substrate. For proper operation, the substrate must be connected to the most-negative 
supply voltage. 


The UDN2841 and UDN2845 are characterized for operation from —20°C to 85°C. 


logic symbolt logic diagram 


(2) 


11N 1IN 


Peripheral Drivers/Actuators 


31N 


WV = SUBSTRATE 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


PRODUCTION DATA documents contain information ° Copyright © 1981, Texas Instruments Incorporated 
current as of publication date. Products conform to U 

specifications per the terms of Texas lestruments TEXAS 5-169 
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UDN2841, UDN2845 
QUADRUPLE HIGH-CURRENT DARLINGTON DRIVERS 


CE AL SLAY STE, SPS LE MER EB BT BAL: PRE BARS ER SARE MEE SP EI ETE NL EE DLE LO I LT EE ER 
schematic diagram (each driver) 


Vée 


TO 3 
OTHER DRIVERS 


INPUT c 
E 
a3 10k2 7.2k2 § 3k2 
OTHER DRIVERS GND 


\/ = Substrate 


UDN2841: R = 15 kQ each channel 
UDN2845: R = 15 kQ channels 1 and 3, R = 1 kf, channels 2 and 4. 
Resistor values shown are nominal. 


: 


f absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


OS OSE RET TOR) 7 pc aR me a ag Te a aR ar a SP TESS Mea: SRR CaaS Sn aN 50 V 
a RES PONE Be a Bae I EAE ARF ar Ae Sr eae Ny ON eM at Se A Pe Oe Bie NE 10 V 
SOR IRIENNN wo. a wn Hate Seer GS i, Saxe GN he a ee eR ee ele gE as 4 Se Pee, PL A tain 10 V 
ee Se RS aN -EIET Ce en eee roe hy LM een Saey Sate te SPR GARE tat Bal, Sree -50 V 
Pracbiee -MpUStAIIE Ce Nie sal bes EP TS SS re BG. By ia ae NS ER SE OS oe TE tah 1.75 A 
Total power dissipation at (or below) 25°C free-air temperature (see Note 2).......... 2075 mW 
DOOGIETING TOG-ait TUINDOTAtIG TANGO: oo ack 5k a eres 8 coke Saad oe pe —20°C to 85°C 
TS PUDe Cane: STV IEVT ARTI MERE os a. 53 aay ship etnies < sien e ete, Oa ae Datos ae - §5°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...............020000: 260°C 


NOTES: 1. All voltage values, except collector-emitter voltage, are with respect to the network ground terminal. 
2. For operation above 25 °C free-air temperature, derate total power linearly to 1079 mW at 85°C at the rate of 16.6 mW/°C. 
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UDN2841, UDN2845 
QUADRUPLE HIGH-CURRENT DARLINGTON DRIVERS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted), Vcc = 5 V, see 
Figures 1 and 2 


UDN2841 UDN2845 
PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX | MIN TYP MAX 
Collector sustaining 
VCEX(sus) sails Vee = -50V, Vj = 0.4V,l9 = 100mA | 35 ~~ 50 35 50 V 


ie Collector output Vee = -50V, Vj = 0.4 V ee PO | ee ae ap 
cutoff current Vere 50 V, Vi = O4V, ba = 70°C! Tt (BOO. [8 800L| 
(0 = 18A, See Note 3 MGT = Pe hi 
| ELT ee SE 
Veelst) [MH 24V, — Sea Note 3 (eT Sa AG ba 
saturation voltage 
ERS TS SUD MTA Ce 
(each driver 7 


NOTE 3: These parameters must be measured on one output at a time using pulse techniques, ty = 10 ms, duty cycle <10%. 
switching characteristics at VEE = —40 V, RL = 392, CL = 15 pF, Ta = 25°C 


UNIT 
PARAMETER TEST CONDITIONS MIN TYP MAX jun 


See Figure 3 
toff Turn-off time See Figure 3 


PARAMETER MEASUREMENT INFORMATION 


IcEx. !0 IcEx. lo 
a ——— 
Adjust Io. 
R = O for 
ICEX: 
VI 
Adjust Io. 
R = O for 
Vege = —40V ICEX: 
(unless otherwise noted) 
Vee =—-40V 
NOTE: UDN2841 driver channels 1 through 4 and UDN2845 driver (unless otherwise noted) 


channels 1 and 3 only. 
NOTE: UDN2845 driver channels 2 and 4 only. 


TEST CIRCUIT 
FIGURE 2. SOURCE-CURRENT DRIVER 


TEST CIRCUIT 
FIGURE 1. SINK-CURRENT DRIVER 
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UDN2841, UDN2845 
QUADRUPLE HIGH-CURRENT DARLINGTON DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


RL = 39 2 
OUTPUT 
Input CL = 15 pF 
(See Note A) (See Note B) 


<a M. OUTPUT 
TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator with the following characteristics: PRR = 50 kHz, ty = 10us,t, = 5ns, ts < 5ns, 
Zo = 50 2. 
B. C,_ includes probe and jig capacitance. 


FIGURE 3. SWITCHING CHARACTERISTICS 


THERMAL INFORMATION 


5 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vs vs 
DUTY CYCLE \ DUTY CYCLE DUTY CYCLE 


1¢—Maximum Collector Current—A 
i¢—Maximum Collector Current—A 


Ta =70C 
N = Number of Outputs 
Conducting Simultaneously 


Ta =50°C 
N = Number of Outputs 
Conducting Simultaneously 


N = Number of Outputs 
Conducting Simultaneously 


si0}enyoy/SidALUG jessydiued 
i¢—Maximum Collector Current—A 


0 0 0 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
Duty Cycle—% Duty Cycle—% Duty Cycle—% 
FIGURE 4 FIGURE 5 FIGURE 6 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 


D2624, DECEMBER 1976—REVISED SEPTEMBER 1986 


HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


@ 500 mA Rated Collector Current D OR N PACKAGE 
(Single Output) (TOP VIEW) 


High-Voltage Outputs .. . 50 V 
Output Clamp Diodes 


Inputs Compatible with Various Types of 
Logic 


Relay Driver Applications 


Designed to be Interchangeable with 
Sprague ULN2001A Series 


description 


The ULN2001A, ULN2002A, ULN2003A, ULN2004A, and ULN2005A are monolithic high-voltage, high- 
current Darlington transistor arrays. Each consists of seven n-p-n Darlington pairs that feature high-voltage 
outputs with common-cathode clamp diodes for switching inductive loads. The collector-current rating 
of a single Darlington pair is 500 milliamperes. The Darlington pairs may be paralleled for higher current 
capability. Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas 
discharge), line drivers, and logic buffers. For 100-volt (otherwise interchangeable) versions, see the 
SN75465 through SN75469. 


The ULN2001A is a general-purpose array and may be used with TTL, P-MOS, CMOS, and other MOS 
technologies. The ULN2002A is specifically designed for use with 14- to 25-volt P-MOS devices and each 
input has a zener diode and resistor in series to limit the input current to a safe limit. The ULN2003A has 
a 2700-ohm series base resistor for each Darlington pair for operation directly with TTL or 5-volt CMOS. 
The ULN2004A has a 10.5-kilohm series base resistor to allow its operation directly from CMOS or P- 
MOS that use supply voltages of 6 to 15 volts. The required input current is below that of the ULN2003A 
and the required voltage is less than that required by the ULN2002A. The ULN2005A has a 1050-ohm 
series base resistor and is especially designed for use with TTL where higher output current is required 
and loading of the driving source is not a concern. 
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logic symbolt logic diagram 
(9) 
COM 
COM 
(16) 
1C 
2c 
pan eee Bey a ogNeh 
3C 
4c ; 
(3) Regia teh 
5C 3B Po 3C 
6C 
(13) 
7c ap > tae 4C 
This symbol is in accordance with ANSI/IEEE Std 91-1984 and (5) Bass (12) 
IEC Publication 617-12. 5B ip 5C 
(10) 
7o. | >° 7c 
PRODUCTION DATA documents contain information a Copyright © 1984, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 


schematics (each Darlington pair) 


ia 


COM COM 


7V 


SE . Cae. OUTPUT C 
INPUT B 


INPUT B 


: 
ULN2001A ULN2002A 
COM 
OUTPUT C 
INPUT B 

ULN2003A: Rp = 2.7 kQ 

ULN2004A: Rg = 10.5 kQ 
o ULN2005A: Rg = 1.05 k? E 
i © | ULN2003A, ULN2004A, ULN2005A 
S All resistor values shown are nominal. 
5°) 
o absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
=. CaeGr-onmen WOMNNUe o.05. 3 die SE ies So een be OR fae ny eee te es 50 V 
Input voltage (see Note 1): ULN2002A, ULN2003A, ULN2004A ....................... 30 V 
= EN AOG a TPA Se eee Ve eR etc Sai eee bie On 15 V 
@ Peak. collector :carrent {see Figures 14 and -19) i356 ce Se ee Re Pe 2 OP IE 500 mA 
o RPASUEerin Cr MeOMSETIRERIREIIINEY 2 CAS PS ry’ ue > we meee Se a a as EE bln Rg een es 500 mA 
> Se EsCOPOCAIEA SE ROPTTIN ICR CEMPIONIL | (AGSEn cesar tenet che eons sabes op eueie wale ahepa hoe ore oe Oe ae -2.5A 
° Continuous dissipation (total package) at (or below) 25°C free-air temperature (see Note 2): 
c Ry ROME, Bee Ra es ohn ee Ss ae Dae a OR Oe a CE ae eas Bear ee 950 mW 
4 NC oa glee onset See eee oe rd a GED 2 geen Cees 4 EO ee as 1650 mW 
° Dersung-1iee-at teImnereture TANGO os 6 woh ik ree be we ea ck a eee eee — 20°C to.85°C 
“ SRG CIanCee) CMI ICU ICESE INRO cor ES A eon a dw be kad kv ote. 0 ue Re ae eras Salers —65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...............22.000- 260°C 


NOTES: 1. All voltage values are with respect to the emitter/substrate terminal, E, unless otherwise noted. 
2. For operation above 25 °C free-air temperature, derate the D package linearly at the rate of 7.6 mW/°C and derate the N package 
linearly at the rate of 13.2 mW/°C. 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST ULN2001A ULN2002A 
PARAMETER TEST CONDITIONS UNIT 
ELAS oe eae 5 aE 
Icex Collector cutoff current Vee=50V] =o | 100] —~—-100«'d/' 
[2 | ta = 7orc [v= 6 SEER 
Vce = 50 V, Ic = 500 pA, 
—— ET 
Static forward current 
h V Ic = 350 mA 
Viton) on-state input voltage | 6 | Vc pameek ee 
ae es a 
or- 
NOES oats ann i = 950 4A, Ic = 200 mA AD AR OS 
saturation voltage i) = 500 pA, Ic = 350 mA 
i tae © ek 3 ee ee 
: Vr = 50 V Sasa SS 
sat Sn am aS ee ee ee 
VE Clamp diode forward yo ip = 350 mA 
Cj Input capacitance Pose fis Vv; = OV, f = 1 MHz 15 25 eeu ae Gr 


TEST 
eg ee ee ee 
ICEX Collector cutoff current eee 3S AS pA 
oe tae v0eCs pO NbSSI Ng aoe = cfc tn Oe 
on otamwincemes [fee Tw www fe 
Cc... Cee ae Dee ae 
Input current 0.35 0.8 
Maden oo a) er me eee 
pe eeia ee 2. pee ee 
eek Oe ee 
Tignes ne SPame (Sc: 20 eae Le amr Se 
20 2 eee A Ses © 
[SSeS 5S Se a ieaaeh sear ¢ 
"7 2 eee mans 
Collector-emitter f NR ALL NE aE a 
VCE(sat) saturation voltage i De See Ae 200 ae < De See Ae 200 ae eee ele ¢ 
= 500 uA, Ic = 350 mA iE See 
(ik aie Re Ree ("SRSA s 
a ee ee 
[Ve Clamp diode forward voltage} 8 |ip=350mA_ 2 
[cj Input capacitance | Ss = OV, f= 1 MHz 15 25 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER bpd TEST CONDITIONS ULN2005A ee 
FIGURE MIN. TYP MAX 
Vv = 50 V, h = 
ICEX Collector cutoff current CE | 


0 peace aes teaes (2 
Pike ao aE ee 
(off) Off-state input current Vee = 50V, Ie:= 500 nA, Ta = 70°C -| 5O 65 - | pA | 
i|___lnput current [4 [w= 3V 
Vilon) | On-state input voltage Se ae Vce =2V, Ic = 350mA 2 
a : 
R Clamp diode reverse current Vp - 50V, Ta = 70°C 


pA 
pA 
| i uA 
Clamp diode forward 
VE lr = 350 mA 1 2 V 
voltage 
IT 
us 
uS 
mV 


= 250nA, Ic = 100 mA 


Coliector-emitter 
VCE(sat) 


saturation voltage 


} = 500 pA, Ic = 350 mA 


VR = 50V 


WB ik 

| = 350 4A, Ic = 200 mA 

Ree ek 
 § 


C Input capacitance Vi = OV, f = 1 MHz 15 25 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX 

tPpLH Propagation delay time, low-to-high-level output 0.25 ie ie 
; ; : See Figure 9 

tPHL Propagation delay time, high-to-low-level output 0.25 


Vs = 50V, Io = 300 mA, 
VOH High-level output voltage after switching ae Figure 10 Q mv 
igur 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


OPEN VcE OPEN VCE 
ICEX ICEX 
OPEN : 7) ¢ 
FIGURE 1. IcEx FIGURE 2. IcEx 
OPEN VcE APE 
{'° 
I (off) Mion) 
> oemaitaee cd 
Vv) OPEN 
FIGURE 3. Ij (off) eee FIGURE 4. | 
OPEN OPEN 


< 
i?) 
m 


it e— 


te ' oh i | Ts 


NOTE: lj is fixed for measuring VCE (sat), variable for measuring hee. 


FIGURE 5. hE, VCE (sat) FIGURE 6. Vi(on) 


VR 
}'r 
OPEN OPEN 


FIGURE 7. IR FIGURE 8. VF 
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ULN2001A THRU ULN2005A 
DARLINGTON TRANSISTOR ARRAYS 


SRR RUIN AE ENE ERS eh ATL Be A SEAS ALY ESTE RNR ABR TEASE Sb SS SALE DERRINGER a. 0 Sai hac) RIES Dai SM TRS DAE OI EE RES BIR AIRE 2 
PARAMETER MEASUREMENT INFORMATION 


INPUT 
OUTPUT 
VOLTAGE WAVEFORMS 
FIGURE 9. PROPAGATION DELAY TIMES 
Vs 
INPUT 


ULN2001A only 
2.7kQ 


PULSE 
GENERATOR 


5 


idea Waste Al ULN2002A Cy = 15 pF 
nye a T 1 (See Note B) 
ULN2005A 
TEST CIRCUIT 


“lag acs Os, era 9 VIH 
INPUT (See Note C) 
Ov 
VOH 
OUTPUT 


VOLTAGE WAVEFORMS 


si0jJen}OVY/SIBALG je19UdHId 


NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zoyt = 50 . 
B. Cy includes probe and jig capacitance. 
C. For testing the ULN2001A, ULN2003A, and the ULN2005A, Viv = 3 V; for the ULN2002A, Vip, = 13 V; for the ULN2004A, 
ViH = 8 V. 


FIGURE 10. LATCH-UP TEST 
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ULN2001A THRU ULN2005A 


DARLINGTON TRANSISTOR ARRAYS 


TYPICAL CHARACTERISTICS 


COLLECTOR-EMITTER COLLECTOR-EMITTER 
SATURATION VOLTAGE SATURATION VOLTAGE 
vs vs 

COLLECTOR CURRENT COLLECTOR CURRENT 

(ONE DARLINGTON) (TWO DARLINGTONS PARALLELED) 
<i > . 

| 

2 & 
3 i. 
> s < 
c = E 
£ S L 
a » —4 ~ 
2 E S 
d 3 3 
2 5 i) 
A be ° 
Ww bi 3 
g 5 l 
8 8 S 
i i 
? 9 
oO 0 us 0 
> 0 100 200 300 400 500 600 700 800 S 0 100 200 300 400 500 600 700 800 


COLLECTOR CURRENT 


vs 
INPUT CURRENT 


500 

R_ =1022 
4501 T, = 25°C 
400 


Vs=10V 
350 ; 


° 25 50 75 100 125 150 175 200 


I¢—Collector Current—mA IC(tot)—Total Collector Current—mA 1)—Input Current—#A 
FIGURE 11 FIGURE 12 FIGURE 13 
THERMAL INFORMATION 
D PACKAGE N PACKAGE 
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
VS VS 
DUTY CYCLE DUTY CYCLE 


lc —Maximum Collector Current—mA 
Ic —Maximum Collector Current—mA 


0 
0 10 20 30 40 50 60 70 80 90 


a 
o 
fo) 


Duty Cycle—% 
FIGURE 14 


100}Ta = 85°C 
N = Number of Outputs 
Conducting Simultaneously 


0 
0 10 20 30 40 50 60 70 80 90 100 


Peripheral Drivers/Actuators ee 


Duty Cycle—% 


FIGURE 15 
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ULN2001A THRU ULN2005A 


DARLINGTON TRANSISTOR ARRAYS 


P-MOS 
OUTPUT 


~ $40}eNDYy/SABANG jesydued on 


P-MOS TO LOAD 


“ULN2004A 
———— ———| 


f 


Seth 


i 


i 


BUFFER FOR 
HIGHER CURRENT LOADS 


+V 


TYPICAL APPLICATION DATA 


ULN2003A 
Vcc ULN2005A +V 


OUTPUT 
TTL TO LOAD 


Vec ULN2003A +V 
() 


OUTPUT 


USE OF PULL-UP RESISTORS 
TO INCREASE DRIVE CURRENT 


5-180 


Texas W 


INSTRUMENTS 


POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 


Output Collector Current... 1.5 A Max 
2-W Dissipation Rating 

High Output-Voltage Capability 

Outputs Diode-Clamped for Inductive Loads 
Common-Emitter Circuit for Current Sink 


ULN2064 and ULN2065 Have TTL 
Compatible Inputs 


@® ULN2066 and ULN2067 Have CMOS- and 
PMOS-Compatible Inputs 


® Designed for Interchangeability with 
Sprague ULN2064 thru ULN2067, 
Respectively 


description 


The ULN2064, ULN2065, ULN2066, and 
ULN2067 are monolithic high-voltage, high- 
current darlington transistor switches. Each 
comprises four n-p-n darlington pairs. All units 
feature high-voltage outputs with common- 
cathode clamp diodes for switching inductive 
loads. Outputs and inputs may each be paralleled 
for higher current capability. Applications include 
relay drivers, hammer drivers, lamp drivers, 
display drivers (LED and gas discharge), line 
drivers, and logic buffers. These common- 
emitter circuits are designed to operate as 
current sinks to the load. 


The ULN2064 and ULN2065 are intended for 
use with .TTL and 5-volt MOS logic. The 
ULN2066 and ULN2067 are intended for use 
with PMOS and higher-voltage CMOS logic. 


The ULN2064, ULN2065, ULN2066, and 
ULN2067 are characterized for operation from 
—20°C to 85°C. 


logic symbolT 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


'D2528, DECEMBER 1979—REVISED SEPTEMBER 1986 


NE DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


HEAT SINK, i: 


HEAT SINK, E, 
AND SUBSTRATE 


NC—No internal connection 


schematic (each darlington pair) 


CLAMP 
OUTPUT C 
Rin 
INPUT B 
7.2 kQ NOM 
3 k2 NOM 
E 


ULN2064, ULN2065: Rin = 3509 NOM 
ULN2066, ULN2067: Ri, = 3 k2 NOM 


logic diagram 


CLAMP 


PRODUCTION DATA documents contain information . 
current as of publication date. Products conform to 4 
speeeberess per ~ — of Texas Large aang TEXAS 

standard warranty. Production processing does no 

necessarily includ testing of all parameters. INSTRUMENTS 
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ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


absolute maximum ratings at 25°C free-air temperature for each switch (unless otherwise noted) 


Total power dissipation at (or below) 25°C 
free-air temperature (see Note 2) 

Operating free-air temperature range 
Storage temperature range 


Lead temperature 1,6 mm (1/16 inch) 
from the case for 10 seconds 
NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate total power linearly to 1079 mW at 85°C at the rate of 16.6 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


___raramerer|yiaune| TEST cONOMONS | sa a | an max | wn ax | mon max | ONT 
FIGURE MIN MAX | MIN MAX | MIN MAX] MIN MAX 
Collector 
VCEX(sus) Sustaining Vy, =04V, Ic = 100mA] 35 fo 35 V 
voltage 
Ss ENR SE UE Skye 
cey Callestor output | [Wee = 80V, Ta= oc | soot | soos, 
cutoff current Woe Oe eee ak 0 | 
Vce= 80V, Ta-7oc | ‘| 800] | 600 
ae. ee Se SES ts) Deere eae 
TORE ples Se SES wee 
input current CTE GWA FG eee Seg Rs oo 
eS ans Ae Rag D8 he. SR 
Vi(on) ; VceE=2V, Ic = 1.5A, V 
i= 625 yA, Ig = 800mA] ap apa] 
fiy= 936 eA, Ic = 750mAl_42( 4.242) ta 
= 126mA, lo = TA 88] 2 Gare ee 
Tae Collector-emitter ; San, = Cate See So) SE 2 y 
saturation voltage 
|) = 2.25 mA, Ic = 1.54, 
Meee so ee Pe 
Clamp-diode 7 SRS RES Se 
Waeeoy. ta= 70 fori ei = 108 
forward voltage lp = 1.54, See Note 3 


NOTE 3: These parameters must be measured on one output at a time using pulse techniques, ty = 10 ms, duty cycle < 10%. 


5-182 TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


switching characteristics at 25°C free-air temperature, VCC = 5 V 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
t P ation delay time, low-to-high-level output s 
PLH ropagation delay ti Iw: to-frigh-level outp Sea Pet 
tPHL propagation delay time, high-to-low-level output po Re a Re Ope 


PARAMETER MEASUREMENT INFORMATION 


OPEN 
OPEN VCE 
Vy ICEX 
OPEN : 
=e i 
FIGURE 1. VCEX(sus) FIGURE 2. ICEX 
OPEN OPEN 
'i(on) 
vi OPEN 
+ VCE fic 
FIGURE 3. lon) FIGURE 4. Vi(on) 
OPEN 
VR 
+" 
OPEN 
if ay rs = 
FIGURE 5. VCE(sat) FIGURE 6. IR 
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ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


OPEN 


35 V salt seas Wit 
(see Note C) 
INPUT 50% 
68 2, 2W 
} Ov 
OUTPUT ‘PHL — 7 aes i tPLH 
Vv 

GENERATOR C, = 15 pF OH 
(see Note A) (see Note B) OUTPUT 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Z, = 502. 


B. Cy includes all probe and stray capacitance. 
C. Vip, = 2.5 V for ULN2064 and ULN2065. Vijy = 10 V for ULN2065 and ULN2067. 


FIGURE 8. SWITCHING TIMES 


5 


ELECTRICAL CHARACTERISTICS 


a") 
© 
=| 
=e 
ao) 
> 
@ 
PS) ULN2064, ULN2065 ULN2066, ULN2067 
ae 
oy INPUT CURRENT INPUT CURRENT COLLECTOR CURRENT 
vs vs vs 
=. INPUT VOLTAGE INPUT VOLTAGE BASE CURRENT 
< 6 1.5 
S wacare A peed fae 
?) ene a 5 | No load es {Duty Cycle = 90% 
ur 

> é See Figure 3 | | ULN2064,| | 

a | ULN2066 

E 4 ~ 

° § i 1.0 205 Re 

c o = | 
a. 5 3 6 $243) 
© 3 ° 3 
> F) 2 8 | 

a & = | | 
© s 3 8 0.5 pee ER oka 
” = A .) 

1 pf -+—4— 
0 rs) ae ge 
i) 0.5 1 1.5 2 2.5 
Vi—Input Voltage—V Vi—Input Voltage—V ig—Base Current—mA 
FIGURE 9 FIGURE 10 FIGURE 11 
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ULN2064, ULN2065, ULN2066, ULN2067 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


THERMAL INFORMATION 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vs vs 
DUTY CYCLE DUTY CYCLE DUTY CYCLE 
OTT, = 25°C "lt, = 50°C : 
N = Number of Outputs N = Number of Outputs N = Number of Outputs 
; Conducting Simultaneously 7 Conducting Simultaneously i" Conducting Simultaneously 
= rs 3 
Oo oO Co 
5 5 s 
S & 
@ 2 
i : ; 
oO Oo 
§ E E 
3 
E E E 
C4 x 
a 
; ; i 
4 2 2 
5 bel) os be doe : : 
© 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
Duty Cycle—% Duty Cycle—% Duty Cycle—% 
FIGURE 12 FIGURE 13 FIGURE 14 


TYPICAL APPLICATION DATA 


15 


14 


ULN2066 13 
ULN2067 |, 
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FIGURE 15. RELAY DRIVER INTERFACE 
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ULN2068, ULN2069 


QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


Output Collector Current... 1.5 A Max 
2-W Dissipation Rating 

High Output-Voltage Capability 

Preamp for High Current Gain 

Outputs Diode-Clamped for Inductive Loads 


Common-Emitter Circuit for Current Sink 


Inputs Compatible with TTL and 5-Volt 
CMOS 


@ Designed for interchangeability with 
Sprague ULN2068 and ULN2069 


description 


The ULN2068 and ULN2069 are monolithic 
integrated circuits each consisting of four high- 
voltage, high-current n-p-n cascaded transistor 
switches. Each switch includes a first stage 
compatible with both TTL and 5-volt CMOS 
signal levels. The second and third stages form 
uncommitted-collector outputs with common- 
cathode clamp diodes for switching inductive 
loads. 


The ULN2068 and ULN2069 can sink up ta 
1.5 amperes per switch. Applications include 
logic buffers, MOS drivers, memory drivers, line 
drivers, relay drivers, hammer drivers, lamp 
drivers, and display drivers (LED and gas 
discharge). 


The ULN2068 and ULN2069 are characterized 
for operation from —20°C to 85°C. 


logic symbolt 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


D2579, MAY 1980—REVISED SEPTEMBER 1986 


NE DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


HEAT SINK, a 


HEAT SINK, E, 
AND SUBSTRATE | 


AND SUBSTRATE 


2BLI6 11L/3B 
NCLJ7 101}3C 
2cL]8 91] CLAMP 


NC —No internal connection 
schematic (each switch) 


Vcc 


CLAMP 


INPUT 2.5 kQ 
B 


OUTPUT 
Cc 


5 


Resistor values shown are nominal. 


logic diagram (positive logic) 
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ULN2068, ULN2069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


absolute maximum ratings at 25°C free-air temperature for each switch (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 


Input voltage ea Se 
Peak collector current (see Figures 10, 11, and 12) ERED Peel, a et 
Total power dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range 
Storage temperature range | -55to 150 | -55to150 | °C | 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds See rs ee ee SSS 


NOTES: 1. All voltage values (unless otherwise noted) are with respect to the emitter/substrate terminal E. 
2. For operation above 25°C free-air temperature, derate total power linearly to 1079 mW at 85°C at the rate of 16.6 mW/°C. 


electrical characteristics at 25°C free-air temperature, VCC = 5 V (unless otherwise noted) 


TEST ULN2068 ULN2069 
PARAMETER TEST CONDITIONS 
VCEX(sus) Collector sustaining voltage See Vi =0.4V, Ic = 100 mA ie ees A 
Vce = 50 V Ras. 
Vor = 50V, Ta=7ore | 600] ——_—+s 
ICEX Collector output cutoff current poe A TA = TONE ft pA 
Vee S80V, Ta fONC RD eh Bee 
Vj = 2.4 V eS ES RE 5 
lion) On-state input current 3 v7 - 3.75 V ape Fk a ry pA 
V =2V, Ic =1.5A, 
Vi=24V, ig = 6800ma | tata] 
Vi=24V, I¢=750mA | 12] +121 
; Vi=24V, Ic =1A aR 2S ED 
Vy Collector-emitter Ua oa a ek 
zt eee ee sea tie 3 regs | Biv eee 
Vi = 2.4 V, Ic = 1.5 A, 
See Note 3 
VR = 50V eS Sa 
: Va=50V, ta=7oe | 100] 
Clamp-diode reverse current y 30 V 
R= peas tie pot) aed 
Wi 80VK, Ta neG. dol 100" 
ie = 1A 1.75 1.75 
Ve Clamp-diode forward voltage 
P= 1SV, SR :.: BASE 
Scppy conse Vv) =2.4V, Ic = 500 mA 
ce (only one switch conducting) ' a Fs c 


NOTE 3: These parameters must be measured on one output at a time using pulse techniques, ty = 10 ms, Duty cycle < 10%. 


switching characteristics at 25°C free-air temperature, VCC = 5 V 


PARAMETER TEST CONDITIONS 
tpLH Propagation delay time, low-to-high-level output 


MIN TYP MAX | UN 


S 


See Figure 9 


tpHL Propagation delay time, high-to-low-level output 
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ULN2068, ULN2069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


Vcc OPEN Vcc OPEN VCE 
ICEX 
VI OPEN : 
oT a A. 
FIGURE 1. VCEX(sus) FIGURE 2. IcEx 
Vcc OPEN Vcc — OPEN 
Ion) 
vi OPEN 
ie VCE fic 
FIGURE 3. Ii(on) FIGURE 4. Vi(on) 


Vec OPEN 


VR 
+" 
OPEN ek 


" i Be I Ic FIGURE 6. IR 


Peripheral Drivers/Actuators le 


Mi Icc OPEN 
FIGURE 5. VCE(sat) 
vi 
fic 
FIGURE 7. VF FIGURE 8. Icc 
u 
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ULN2068, ULN2069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT tPHL ae. je ie tPLH 
ae VOH 
L = 15 pF I 
(see Note B) OUTPUT 50% 50% 
Seton Vit 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Zp, = 50 2. 
f C,_ includes all probe and stray capacitance. 


FIGURE 9. SWITCHING TIMES 


THERMAL INFORMATION 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 


vs vs vs 
DUTY CYCLE DUTY CYCLE DUTY CYCLE 


A 


N = Number of ened: 
Conducting Simultan 


2 
savacuuns 


—~A 


JReSeS Si See 
po oe 


Ic — Maximum Collector Current — A 
I¢ — Maximum Collector Current 


1c — Maximum Collector Current 


be ae da Be ss Bs 
jeeeeaee Beshaeesee ; 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
Duty Cycle — % Duty Cycle - “6 Duty Cycle — % 
FIGURE 10 FIGURE 11 FIGURE 12 
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ULN2068, ULN2069 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


TYPICAL APPLICATION DATA 


ULN2068 


ULN2069 


FIGURE 13. RELAY DRIVER INTERFACE 
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ULN2074, ULN2075 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


D2580, MAY 1980—REVISED SEPTEMBER 1986 


@ Output Collector Current... 1.5 A Max NE 
‘s se : DUAL-IN-LINE PACKAGE 
2-W Dissipation Rating (TOP VIEW) 
@ High Output-Voltage Capability 
@ Output Sink- or Source-Current Capabilities 
® j i . 
Input Compatible with TTL or 5-V CMOS HEATSINK HEATSINK 
@ Designed for Interchangeability with AND AND 
Sprague ULN2074 and ULN2075 SUBSTRATE pee ‘ SUBSTRATE 


description 


The ULN2074 and ULN2075 are monolithic, 
quadruple, high-voltage, high-current n-p-n 
darlington-transistor amplifier devices. They 


schematic (each switch) 


feature high-voltage outputs with collector- 350 0 OUTPUT C 
current ratings of 1.5 amperes for each INPUT B NOM 
darlington pair. 
7.2 k2Q NOM 
The ULN2074 and ULN2075 are unique general- 
purpose devices, each featuring uncommitted 
collectors and emitters to allow for either sinking 3 kQ NOM 5 
or sourcing the output current. These devices E 


offer the system designer the flexibility of SUBSTRATE 
tailoring the circuit to the application. Typical th 

applications include logic buffers, relay drivers, 

lamp drivers, and hammer drivers. 


For proper operation, the substrate must be 
connected to the most negative voltage. 


The ULN2074 and ULN2075 are characterized 
for operation from — 20°C to 85°C. 


logic symbolT 


” 
to 
2) 
-~ 
4) 
pe 
oar) 
©) 
<x 
~ 
” 
en 
® 
2 
bee 
Q 
r 
Yaw 
® 
ft owe 
2 
be 
® 
a. 


+ This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


PRODUCTION DATA documents contain x 
information current as of publication date. 4 
Pe pe ge oes to pigeon: er the —_ TEXAS 
of Texas Instruments standard warranty. 
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ULN2074, ULN2075 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


absolute maximum ratings at 25°C free-air temperature for each switch (unless otherwise noted) 


ULN2074 ULN2075 UNIT 


Collector-emitter voltage 

Input voltage with respect to substrate 

Peak collector current (see Figures 9, 10, and 11) 

Input current 

Total power dissipation at (or below) 25°C free-air temperature (see Note 1) mW 


Operating free-air temperature range —20 to 85 —20 to 85 i Ss 
Storage temperature range —55 to 150 -—55 to 150 oe ee 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds 


NOTE 1: For operation above 25°C free-air temperature, derate total power linearly to 1079 mW at 85°C at the rate of 16.6 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST eevee Saar wa 
PARAMETER FIGURE TEST CONDITIONS UNIT 


VCEX(sus) Collector sustaining voltage aay Mid V; = 0.4 V, = 100 mA iu «i 


ICEX Collector output cutoff current 


| On-state input nt 3 
bor eens Bare 
BRR 


lc =1A 


Vi(on) On-state input voltage 7 ap Ic = 1.5A, 25 55 V 
See Note x 


= 025 pA, 1g = OMA rE 
(= 36 A 50 mA 


, = 1.25 mA, = 
Collector-emitter 


; = 2mA, 
CE(sat) —caturation voltage a Note 2 : 
e Note 


= 2.25mA, Ic 
See Note 2 


NOTE 2: These parameters must be measured on one output at a time using pulse techniques, ty = 10 ms, duty cycle < 10%. 


switching characteristics at 25°C free-air temperature, Vcc = 5 V 


PARAMETER TEST CONDITIONS TYP MAX UNIT 


tPLH Propagation delay time, low-to-high-level output See Fi 6 auld ae ae eee 
ee Figure 
tPHL Propagation delay time, high-to-low-level output Pye Rat Ee py 
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ULN2074, ULN2075 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


VCE 
Vi 
l 
OPEN = 
VCEX(sus) a 
FIGURE 1. VCEX(sus) FIGURE 2. ICEX 
Non) 
Vi OPEN 
Viton) © t fic 
FIGURE 3. li(on) FIGURE 4. Vi(on) 
r VCE(sat) fic 
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35 V 


68 2, 2W 


tpHL—ol { 
OUTPUT bie Shs ee eH 
(See Note A) Bele p 
(See Note B) “o> : ig 
me see NOI. 
TEST CIRCUITS VOLTAGE WAVEFORMS 


NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Zp = 502. 
B. C, includes all probe and stray capacitance. 


FIGURE 6. SWITCHING CHARACTERISTICS 
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ULN2074, ULN2075 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


ELECTRICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


Ta = 25°C 
No Load 
See Figure 3 


ij—Input Current—mA 


2 3 
V;—Input Voltage —V 
FIGURE 7 


COLLECTOR CURRENT 
vs 
BASE CURRENT 


1.5 
VCE = i a 
Ta = 25°C 
Duty Cycle = 90% 


si0}Jenjoy /SIsAUG je1oyudiued = 


t 

5 1.0 

Ps N2074 IS 

Ss CHARACTERIZED ONLY 
8 UP TO THIS POINT 

3 

0 0.5 

L 


0 
0 0.5 1 +5 2 2.5 
Igp—Base Current—mA 
FIGURE 8 
U 
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ic —Maximum Collector Current—A 


2.0 


0.5 
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ULN2074, ULN2075 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


THERMAL INFORMATION 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vs 


DUTY CYCLE DUTY CYCLE 


Ta = 50°C 
N = Number of Outputs 
Conducting Simultaneously 


BEXGNEELS 


Ta = 25°C 
N = Number of Outputs 
; Conducting Simultaneously 


= 
2 
a 
hae 


lc —Maximum Collector Current—A 


10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
Duty Cycle—% Duty Cycle—% 
FIGURE 9 FIGURE 10 


MAXIMUM COLLECTOR CURRENT 
vs 
20 DUTY: CYCLE 


Ta = 70°C 
N = Number of Outputs 
Conducting Simultaneously 
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lc —Maximum Collector Current—A 


0 
0 10 20 30 40 50 60 70 80 90100 
Duty Cycle—% 


FIGURE 11 
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ULN2074, ULN2075 
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES 


TYPICAL APPLICATION DATA 


TMS1000 UE eeT4, 
ULN2075 12 


FIGURE 12. RELAY DRIVER INTERFACE WITH EXTERNAL CLAMP DIODES 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 


D2338, DECEMBER 1986 


J PACKAGE 
(TOP VIEW) 


High Speed and Fast Recovery Time 
Time and Amplitude Signal Discrimination 


Adjustable Input Threshold Voltage Levels 


Narrow Window of Threshold Voltage 
Uncertainty 


Multiple Differential-Input Preamplifiers 
High DC Noise Margin... 1 V Typ 
Good Fanout Capability 

TTL Drive Capability 


Standard Logic Supply Voltages 


eo @28e 0@ 080 ®@ 
> 


INPUTS OUTPUTS 
Gy Gz Sp SB Y z 


Plug-in Configuration Ideal for Flow- 
Soldering Techniques 


description 


The SN5520 monolithic sense amplifier is 
designed for use with high-speed memory 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and 
provides the necessary interface circuitry 


bie END: fi eM alate <tulis tah hae 
Ki lin pe eee: oe OO to 
tA Siete Toh Sie) beet Oa oe 
I oe iP <7 ynee cas RD” <li 
UE ae ee crak RN eT aS aE 


between the memory and the logic section. Low- positive logic: Y = Gy + A+Sa +B Sp 
level pulses originating in the memory are eek Sei SOR ea a 
transformed into logic levels compatible with Z = GZ + Gy(A+Sa) (B+SBp) 


standard TTL circuits. 


DEFINITION OF LOGIC LEVELS 
The SN5520 sense amplifier features multiple 


differential-input preamplifiers and versatile NPs aaa a eee Se 
gating and output circuits, permitting a hal ess 40 SVE om 
significant reduction in the circuitry required to Any Bors | = Te VS Mien) Ceres 


accomplish the sensing function. A unique circuit 


TA and B are differential voltages (Vip) between A1 and A2 or B1 


design provides an inherent stability of the input and B2, respectively. For these circuits, Vjp is considered positive 
threshold level over a wide range of supply regardless of which terminal of each pair is positive with respect 
voltage levels and temperature ranges. to the other. 


Independent strobing of each of the dual sense- 
input channels ensures maximum versatility and permits detection to occur when the signal-to-noise ratio 
is at a maximum. The gate and strobe inputs and the outputs are compatible with standard TTL logic circuits. 


With the Z output connected to the Gy input, the SN5520 may be used to perform the functions of a 
flip-flop or register that responds to the sense and strobe input conditions. 


The SN5520 is available in the J ceramic dual-in-line package and is characterized for operation over the 
full military temperature range of —55°C to 125°C. 


Copyright © 1986, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to i} 
specifications per the terms of Texas Instruments TEXAS 

standard Sgt A Production processing does not | 

necessarily. include testing of all parameters. NST RUMENTS 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


circuit operation 


The SN5520 is a dual-channel sense amplifier with the preamplifiers connected to a common output stage 
and a complementary output stage. The output circuit is composed of two cascaded NAND gates, each 
with external gate inputs. External connection of the Z output and the Gy input results in a flip-flop or 
register that is set by signals at the differential-input terminals. Reset of the register is performed by taking 
the GZ input low. Capacitive coupling from output Z to Gy results in output pulse stretching. With either 
connection, complementary output levels are available. The gate and strobe inputs and the outputs are 
compatible with standard TTL logic. The input function of the SN5520 can be expanded by connecting 
the Y output of the SN5522 to the Gy input of the circuit being expanded. 


logic symbolt logic diagram 


(5) 


+ Vref 
— Vref 
Cext 


SA 
Al 
A2 
SB 
B1 
B2 
Gy 
Gz 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


s 
@ 
3 
©) 
=| 
< 
=] 
> 
@ 
-= 
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® 
© 
@ 
© 
=| 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


schematic 
Cext 
: 4 
Vref ae ; 
ee 
INPUTS E 
S OUTPUT Z 
Asai, ae 
ot] iT U7 FB ies 
INPUTS ie 
wee GATE GATE 
ot Pe oer 
si OUTPUT Y 
hog 
vee eS : 
ce) 
Ph 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) _ 
Se ee, Ve IERIE FN" Lon. 4 ce at BE os oc alwk-w ewe kid aod wat hes SR eee ee iM = 
Ree SU NG oils cre hr er Be, U hiass a Saha B¥m ache Bagh eM ooo, dpe eek eae ety ty es hil de: a RE -7V = 
aitrerenicreiitipic VOrmde OV IT) OF Wentes (oa ce ees hotels See se Be i pas 3 ee ee $V g 
Voltage trom-any input to ground (see-Note 2). Sb. a ele ew ce dae oe eS 5.5 V = 
Continuous total power dissipation at (or below) 25°C free-air temperature > 
GUE Ae ced Rg ee ed ae Le Si a hw 2S 0-2 Ward ba ORE wk eae ck tee 1375 mW rs) 
Onerating: free-air temperature fange s,s oc Sr oc bos be ecete nw bbe wn eee —55°C to 125°C = 
Sa Caer TENN I ee, ley gh die uw wR ae cil os ee bee es ole - 65°C to. 150% ® 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds..................0000.% 300 °C = 


NOTES: 1. Voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Strobe and gate input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature, derate total power linearly at the rate of 11.0 mW/°C. 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


recommended operating conditions 


SPSS Na aa ee ee toe meee it Se 
Positive supply voltage, Vcc + 4.75 5 ~ 5.26 
Negative supply voltage, Vcc — —4.75 -5 -—5.25 


Reference voltage, Vre¢ BE BSE ARS 
a ce a Se As 
[Kowrlovl input voage (ave and gate nputa, Vi 


electrical characteristics over recommended operating free-air temperature range, VCC + = +5V, 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
Vv bidiiaditalinnik-wuchold woltaue 1 mV 
imTerential-inpu resno voita 
F : 9° | Vref = 40 mV 35. 40 45 


. re Vref = 40 mV, Vis) = VIH 
Common-mode input firing voltage : 
VICF Common-mode input pulse: : 
(see Note 4) 


tr = 15 ns, ts < 15 ns, ty = 50 ns 


lip Differential-input bias current Vec+ = +5.25V, Vip =0 30 
4 


V 
pA 
pA 

V 

V 
pA 

A 
A 
A 
A 
A 


m 
m 
Icc-— Supply current from Vcc— Vec+ = +5.268 V, Ta = 25°C 


TTypical values are at Vcc + = +5 V, Ta = 25°C. 
NOTE 4: Common-mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 
the specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is high. 


s 
@ 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


switching characteristics, Vcc + = +5 V, Ta = 25°C 


FROM TO TEST 
PARAMETER TEST CONDITIONS TYP MAX 
(INPUT) (OUTPUT) FIGURE 


PLH(DZ) A1-A2 or B1-B2 


: , 
tPHL(SZ) 


t 
tPHL(GY, Y 


MIN 
25 40 
20 
15 30 
20 30 


recovery and cycle times, VCC + = +5 V, Cext = 100 pF, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


Differential-input overload Differential Input Pulse: 


‘orD recovery time (see Note 5) Vip = 2V, ty = te = 20ns ee eee 
Common-mode input overload Common-mode Input Pulse: 

| torC recovery time (see Note 6) Vic = +2V, tp = te = 20ns 

PRL ORES 


NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input 
overload signal prior to the strobe-enable signal. 
6. Common-mode-input overload recovery time is the time necessary forthe device to recover from the specified common-mode- 
input overload.signal prior to the strobe-enable signal. 


” 
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$SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


DIFFERENTIAL 
INPUT Vcc- Vcoc+ 


PULSE 


GENERATOR OUTPUT 
(See Note A) ¥ 
| cL = 15 pF TL 
- | (See Note C) ~ 
Veet = 20 mV — 


Cy, = 15 pF 


Onn eae ex “Spi that) eS (See Note C) = 
Sa 
(5) (11) wee 


EEE 


STROBE INPUT 
(See Note B) 


PULSE 
GENERATOR 
(See Note A) 


TEST CIRCUIT 


LA | 
| 


= 
@ 
= 
2) 
= 
~< 
SB. 
o> 
@ 
=| 
= 
® 
2) 
@ 
© 
=. 
7) 
= 
— 
~” 


OUTPUT Y | #1.5V 1.5V | : 

1 | | 

| | ] | 

| 

' : | VoH 
OUTPUT Z | 1.5 1.5V jusv | 1.5V 

ee | ;\ +- — — — VoL 

tPHL(DZ) 1 ke | ‘PHL(SZ)-4¢—>} . | 
—> ie tPLH(Dz) ++ 'PLHISZ) 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zoy, = 500, tr = 15 +5 ns, te = 15 +5 ns, tw, = 100 ns, 
tw2 = 300 ns, and PRR < 1 MHz. 
B. The strobe input pulse is applied to Strobe Sa when inputs A1-A2 are being tested and to Strobe Sp when inputs B1-B2 
are being tested. 
C. Cy includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES FROM DIFFERENTIAL AND STROBE INPUTS 
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, SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


Vec- Vec+ 


OUTPUT 
Y 

| c, = 15 pF <> 

| (See Note B) ~ 


OUTPUT 


eo a 1H 
(4) (See Note B) = 


Le es, eae seed as iw cael as me 
50 2 50 2 SA SB Gy 
50. 50.0 OOO © mam 
GENERATOR 
cy = 50 2} (See Note A) 
GATE Gy 
INPUT 
TEST CIRCUIT 
——-—-—-— -— - 3.5 V 

GATE Gy 
INPUT bea w 
ARE ie ac ai b 
tPHL(GY Y)-4¢—>! | t 3 

: j¢—t- PLH(GY, Y) 
| box Nag = 
OUTPUT ages O 
s a dias ae eae ae @ 
t rs eae | © 
eae whee | _ +——>F tpuicy, 2) : 
pa er ere cee a me VOH 2 
I | ~ 
sald 1.5V 1.5.V = 
VoL ay 
© 
VOLTAGE WAVEFORMS = 
NOTES: A. The pulse generator has the following characteristics: Zoyt = 500, tr = 15 +5 ns, te = 15 +5 ns, ty = 100 ns, and s 
PRR < 1 MHz. 


B. Cy includes probe and jig capacitance. 


FIGURE 2. PROPAGATION DELAY TIMES FROM GATE Gy 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


Vec- Vcoc+ 


9 


> 
=" 


ee) 
td 


| CL = 15pF LI 


A 


| (See Note B) ~ 
Sale, eae 
(See Note B) = 
fcr —_— — _— = me 
50 0 50 2 A Gz 
50 2 50 2 
Gs) PULSE 
GENERATOR 
100 pF 
. si 502 | (See Note A) 
GATE Gz 
INPUT 


TEST CIRCUIT 


GATE Gz 
INPUT 


OUTPUT 
Z 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyy = 500, tr = 15 +5 ns, te = 15 +5 2s, tw = 100ns, and 
PRR < 1 MHz. 
B. C; includes probe and jig capacitance. 


FIGURE 3. PROPAGATION DELAY TIMES FROM GATE Gz 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


VtT—Threshold Voltage—mV 


Vt—Normalized Threshold Voltage—mV 


TYPICAL CHARACTERISTICS 
THRESHOLD VOLTAGE THRESHOLD VOLTAGE 


vs vs 
REFERENCE VOLTAGE SUPPLY VOLTAGE 
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FIGURE 4 FIGURE 5 
NORMALIZED THRESHOLD VOLTAGE COMMON-MODE FIRING VOLTAGE 6 
vs vs 
PULSE REPETITION RATE FREE-AIR TEMPERATURE 


1.8 


vee = 5V {TM LUT | Til 
veer = 2omv (UM CHM TTI 
Vref = 

TA 25°6 CE TET 


SEAT ALI TAME ETE Et 
Se 
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Vis) = VIH 
Common-Mode Input Pulse: 


Memory Interface Circuits 


VicF—Common-Mode-Input Firing Voltage—V 


0.001 0.01 0.1 1 100 0 10 20 30 40 50 60 70 
PRR—Pulse Repetition Rate— MHz Ta—Free-Air Temperature — °C 
FIGURE 6 FIGURE 7 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL-INPUT BIAS CURRENT DIFFERENTIAL-INPUT OFFSET CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


aK 


113 —Differential-Input Bias Current—pA 
110 — Differential-input Offset Current—pA 


0 
-50 -25 0 25 50 75 100 125 -75 -50 -25 0O 25 50 75 100 125 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 8 FIGURE 9 
HIGH-LEVEL INPUT CURRENT LOW-LEVEL INPUT CURRENT 
vs vs 
INPUT VOLTAGE - INPUT VOLTAGE 
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lH — High-Level Input Current— pA 
lj_— Low-Level Input Current—mA 


V;—Input Voltage—V V;—Input Voltage—V 
FIGURE 10 FIGURE 11 
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SN5520 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


Vo— Output Voltage—V 


VOH—High-Level Output Voltage—V 


TYPICAL CHARACTERISTICS 


Y OUTPUT VOLTAGE 
vs 
DIFFERENTIAL-INPUT VOLTAGE 


Vo— Output Voltage—V 


S; — 10. :16..- 20 325. 90:+ 35.- 8o 0 
Vip — Differential-Input Voltage —mV 
FIGURE 12 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT | 


Vo_—Low-Level Output Voltage—V 


-0.2 -0.4 -0.6 -0.8 ~4 
1OH— High-Level Output Current— mA 
FIGURE 14 


Bee HA 8 ee ae 
0 2 4 


Z OUTPUT VOLTAGE 
vs 
DIFFERENTIAL-INPUT VOLTAGE 


5 10: . 18 « 20. 25 —30°- 35; 40 
Vip — Differential-input Voltage—mV 
FIGURE 13 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 


6 8 10 12 14 16 18 20 
lo_— Low-Level Output Current—mA 
FIGURE 15 
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-§N5520 
‘  DUAL-CHANNEL SENSE AMPLIFIER 
WITH COMPLEMENTARY OUTPUTS 


TYPICAL APPLICATIONS 


large memory systems 


This application demonstrates an improved method of sensing data from large memory systems. The signal- 
to-noise ratio can be increased by sectioning the large core planes as illustrated in Figure 16. Two segments, 
usually consisting of 4096 cores each, can be interfaced by each of the dual-input channels of the SN5520 
or SN5522 sense amplifiers. The cascaded output gates of the SN5520 circuits may be connected to serve 
as the memory data register (MDR). A number of SN5522 sense amplifiers may be wire-AND connected 
to expand the input function of the MDR to interface all the segments of the plane. Complementary outputs, 
clear, and preset functions are provided for the MDR. Rules for combined fan-out and wire-AND capabilities 
must be observed. 


SEGMENTED CORE PLANE (represents one bit in memory word) 
STROBE LJ— 


SENSE LINE ial. SN5520 WITH OUTPUT 
CONNECTED AS MEMORY 
DATA REGISTER (MDR) 


SEGMENT A 
4096 CORES 


(Typical) 


¥ 
MDR 

SEGMENT B OUTPUTS 
4096 CORES 

(Typical) Z 

MDR CLEAR (GATE G7) 
SN5522 USED AS 

SEGMENT C SENSE-INPUT EXPANDER 
4096 CORES FOR SN5520 

(Typical) 

WIRE AND 


|_T_j} CONNECTION 


SEGMENT D 
4096 CORES 
(Typical) 
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TO ADDITIONAL SN5522s TO PROVIDE NECESSARY NUMBER OF SENSE INPUTS 
FIGURE 16. SENSING LARGE MEMORY SYSTEMS 
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J PACKAGE 
(TOP VIEW) 


High Speed and Fast Recovery Time 
Time and Amplitude Signal Discrimination 


Adjustable Input Threshold Voltage Levels 


Narrow Window of Threshold Voltage 
Uncertainty 


Multiple Differential-input Preamplifiers 
High DC Noise Margin... 1 V Typ 


Good Fanout Capability 
TTL Drive Capability FUNCTION TABLE 


INPUTS OUTPUT 
G Sp SB Y 


Standard Logic Supply Voltages 


Plug-in Configuration Ideal for Flow- 
Soldering Techniques 


description 


The SN5522 monolithic sense amplifier is 
designed for use with high-speed memory 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and 
provides the necessary interface circuitry 
between the memory and the logic section. Low- 
level pulses originating in the memory are DEFINITION OF LOGIC LEVELS 


transformed into logic levels compatible with Pat Lk ae ae 
standard TTL circuits. Rag reyes 


The SN5522 sense amplifier features multiple 


mM Ee ee Ke TS 
EN > ae ey etn | AN oy |i « 


positive logic: Y = G(A + S,a)(B + Sp) 


differential-input preamplifiers and _ versatile A ; ” 
, ; ¥ oP 5 A and B are differential voltages (Vjp) between A1 and A2 or B1 b 
gating and output circuits, permitting a ABs ee 5 
ff ted y : . x : and B2, respectively. For these circuits, Vip is considered positive Oo 
significant reduction in the circuitry required to regardless of which terminal of each pair is positive with respect hen 
accomplish the sensing function. A unique circuit to the other. Ss) 
design provides an inherent stability of the input © 
threshold level over a wide range of supply ro) 
voltage levels and temperature ranges. = 
Independent strobing of each of the dual sense-input channels ensures maximum versatility and permits o 
detection to occur when the signal-to-noise ratio is at a maximum. The gate and strobe inputs and the c 
outputs are compatible with standard TTL logic circuits. = 
The circuit features a high-fanout, single-ended, open-collector output stage. In addition, it may be used 3 
to expand the inputs to a SN5520 circuit or to perform the wire-AND function. = 
® 
The SN5522 is available in the J ceramic dual-in-line package and is characterized for operation over the > 
full military temperature range of —55°C to 125°C. 
PRODUCTION DATA documents contain information ’ Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to i] 
— per — of Texas “inna EXAS 
standard warranty. Production processing does not oa 
necessarily inclath testing of al parameters. INST RUMENTS e 6-15 
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$N5522 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH OPEN-COLLECTOR OUTPUTS 


circuit operation 


The SN5522 is a dual-channel sense amplifier with the preamplifiers connected to a common output stage. 
The output circuit features an open-collector output that permits two or more of these outputs to be 
connected in the wire-AND configuration. Each package includes a load resistor that may be used as the 
output pullup resistor. High sink-current capability is a feature of this design, and a separate ground terminal 
is used for the output circuitry. This device can also be used as an input expander for the SN5520 circuit. 


logic symbolt logic diagram 
+Vrer 
— Vref 


Cext 


SA 
Al 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


schematic 
Vec+ 


Vref 


lig wea 
LA | 
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Ti to 
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2 k2Q NOM 
A2 Rt 
a OUTPUT Y 
ape bg | Mee Kt 
B1 = E 5 as GND 2 


GATE 
B2 
we is 
GND 1 
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SN5522 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH OPEN-COLLECTOR OUTPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUGDIV.-Voltanp, viet <(SBR GR eg ays soe Sere ae re eee SRR Sg es ge sl 7V 
SUV VON Me ree ts, i eee ee Se a de at ce Reta ele ee he ee es -7V 
Oitrarotiar le eta & VIN) OF MV ratncs «sro <c5 strc sb cana cae od. oe a ecere tele cue oe ek oes +5-¥ 
Vortdae: trom. any input to orauind (eee: NOte- 2) ooo se ee iS en sw epee wd de a es §.5 V 
Off-state voltage applied to open-collector outputs ............. 0.2 ee ee es 5.5 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

RGN Pee st SG nce ok Sk Ee UTE nO eo OS aE Eo a ee: wea 1375 mW 
Operating free-air temperature range... . cs wk PH i ee ew ee ee ewes — 55°C to 125°C 
StOrad@-ceriirar eee 8 ON ee at AES pee dee ah gp Paack be cee ae ARS —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds..................2.205. 300 °C 


NOTES: 1. Voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Strobe and gate input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature, derate total power linearly at the rate of 11.0 mW/°C. 


recommended operating conditions 


a ea ee ee 
Negative supply voltge, Voc= 
BE Se) RT aR 
[Low-level input voltage (strobe and gate inputel, vu ——~—SCSC—~“—SsSC‘“‘“*‘“‘“‘“‘“~<~C~«~SCt*t:‘“=*s~=~*‘*~‘~st STC SY 


electrical characteristics over recommended operating free-air temperature range, VCC + = +5 V, 


RL connected to output, (unless otherwise noted) 
PARAMETER TEST CONDITIONS 


eae Viet = 18 mV 0 AS 20 
VT Differential-input threshold voltage mV 
Vref = 40 mV ESE ae eg ” 
gud 
Vref = 40 mV, V =V a 
Common-mode input firing voltage ref . \S) IH aj 
VICF Common-mode input pulse: +2.5 V Oo 
(see Note 4) lew 
try = 15 ns, ts s 15 ns, tw = 50 ns oO 
a= ee 
lig _Differential-input bias current Vec+ = +5.25V, Vip = 0 [Ta = 25°C a0. 76 | uA 8 
Ta = 125°C © 
lio Differential-input offset current Vcec+ = +5.25V, Vip = 0 Ses ae — 
VoOH__ High-level output voltage Vec+ = +4.75V, Ion = —400 yA Se 
VoL Low-level output voltage Vec+ = +4.75V, lot = 16 mA 0.25 0.4 = 
High-level Iacuennren? , Vin = 24 V reo ol ge 
WH . Vec+ = +5.25 V, ad 
(strobe and gate inputs) Vin = 5.26 V eee S 
Low-| Li t t 
NL Reseda ns Ween Hes Vec+ = +5.25V, Vi_ = 0.4V mA ® 
(strobe and gate inputs) = 
IOH High-level output current Vec+ = +4.765V, Vo = 5.25 V Sees Be 
los _ Short-circuit output current Voc+ = +5.25V, Ta = 25°C -2.1 -2.6 -3.5 | mA | 
lcc + Supply current from Vcc + Vce+ =. +5.25 V,. Ta -= 25°C 27 40 
Icc— Supply current from Vcc — Vec+ = +5.25V, Ta = 25°C TS > = 20 


tTypical values are at Vcc + = +5 V, Ta = 25°C. 
NOTE 4: Common-mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 
the specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is high. 
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SN5522 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH OPEN-COLLECTOR OUTPUTS 


switching characteristics, Vcc + = +5 V, Ta = 25°C 


FROM TO TEST 
PARAMETER TEST CONDITIONS 
tPHL(D 
t 
tPHL(S 


: : 
tPHL(G) 


MIN TYP MAX | UNIT 


30 45 
20 40 


: Differential-input overload Differential Input Pulse: 
orD 


recovery time (see Note 5) Vip = 2V, ty = te = 20 ns 
Common-mode input overload Common-mode Input Pulse: 
recovery time (see Note 6) . Vic = +2V, tp = te = 20 ns 


teyc(min) Minimum cycle time 


torC 


NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input 


overload signal prior to the strobe-enable signal. 
6. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode- 
input overload signal prior to the strobe-enable signal. 


driving SN54XXX loads and combining outputs 


The table below provides minimum and maximum resistor values for driving one to ten SN54XXX loads 
and wire-AND connecting two to seven parallel outputs. Each value shown for one wire-AND output is 
determined by the fanout plus the cutoff current of a single output transistor. Extension beyond seven 
wire-AND connections is permitted with fanouts of seven or less if a valid minimum and maximum Ri 
is possible. When fanning out to ten SN54XXxX loads, the calculation for the minimum value of Ri_ indicates 
that an infinite resistance should be used; however, the use of a 4-k resistor in this case will satisfy the 
high-level condition and limit the low level to less than 0.43 volt. 


FANOUT 
TO TTL 


WIRE-AND OUTPUTS 


3132 


1897 | 1604} 1380] 410 | 


[1643] 1566] 7361] 479 
5 [eae || 1793] 1629/1333] 575 
6 | 8306) 1744] 14941306] 718 | 


| _7__ [4808] 3333] 2524 2031 | 1690] 1460/1260] 958 | 
ees (3az9| isea] 1686] x | x [1497 | 
[9 _[aaea] sozal x | x | x | x | x | 2075 | 
Pete Te eT e 
ae 


+All values shown in the table are based on: 
High-level conditions: Vcc = 5 V, VoH min = 
Low-level conditions: Vcc = 5 V, VoL max = 

X — Not recommended or not possible. 

See explanation in text. 
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SN5522 
DUAL-CHANNEL SENSE AMPLIFIER | 
WITH OPEN-COLLECTOR OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


DIFFERENTIAL 
INPUT Vec- Vcoc+ 


@) © 
Al Pea oar 288 2 
) 
PN Pe g 
= agte  e coe 


Y 
| Cc, = 15 pF T 


C ae ° i (See Note C) ~ 
aa 


PULSE 
GENERATOR 
(See Note A) 


STROBE INPUT 


(See Note B) 
PULSE 
GENERATOR 
(See Note A) 
TEST CIRCUIT ” 
= 
DIFFERENTIAL set eee SOE a 
INPUT PULSE 20 mV 20 mV 20 mV 20 mV = 
| Ov 
wy Si RD iy er | we 
ESAS, T2027 i ea mee Zhe ene a genie nye peesy Fe 3.5V g 
hata 1.5V | 1.5V 1.5 Yo \i5 v & 
OEE SGA I le— twi1—pl ; Ov o 
tPHL(D)->| ke pt ‘PLHID) tpHLis)>| ke Je-‘PLHIS) = 
1 | | | VoH = 
OUTPUT 1.5V 1.5V 1.5V 1.5V > 
[ee VOL rS) 
VOLTAGE WAVEFORMS & 
® 
NOTES: A. The pulse generators have the following characteristics: Zoyz = 500, tr = te = 15 +5 ns, tw, = 100ns, tw2 = 300 ns, => 


and PRR <= 1 MHz. 
B. The strobe input pulse is applied to Strobe Sa when testing inputs A1-A2 and to Strobe Sp when testing inputs B1-B2. 
C. Cy includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES FROM DIFFERENTIAL AND STROBE INPUTS 
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~— $N5522 | 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH OPEN-COLLECTOR OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


Vcc+ 


Al (2) 288 2 
- : (10) 
6 | 
° Y OUTPUT 
cs i (See Noe 
OT , 
Vref = 20 mV (s) g 


Sa Bp SRS Fo ante | GOREN gee nk ae 
50 2 50 2 A Sp G 
50 2 50 2 o (15) (11) (14) 


PULSE . 
GENERATOR 
(See Note A) 


TEST CIRCUIT 


| 
tPLH(G)—-> he— >| }¢—tPHL(G) 
| 


=e ‘ainda les sie abarer ear Ceara VOH 
| 


OUTPUT 


= 
® 
3 
° 
= 
= 
5 
> 
© 
pe fi 
a 
° 
© 
© 
= 
o 
e. 
o> 
H 


VOL 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: Zoyy = 500, tr = 15 +5ns, te = 15 +5 ns, ty = 100 ns, and 
PRR < 1 MHz. 


B. C, includes probe and jig capacitance. 


FIGURE 2. PROPAGATION DELAY TIMES FROM GATE INPUT 
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VtT—Threshold Voltage —mV 


Vt+—Normalized Threshold Voltage—mV 
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TYPICAL CHARACTERISTICS 


THRESHOLD VOLTAGE 


vs 
REFERENCE VOLTAGE 


nN 
ol 
V1—Threshold Voltage —mW 
N 
) 


Vref— Reference Voitage—mV 


FIGURE 3 


Sh barecna’s 
bee 
ye 


NORMALIZED THRESHOLD VOLTAGE 


0.2 


0.001 


| 
o LUE 


VS 
PULSE REPETITION RATE 


0.01 0.1 
PRR—Pulse Repetition Rate— MHz 
FIGURE 5 
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VicF—Common-Mode-Input Firing Voltage—V 


100 
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Ta = 25°C 


Bec 
ae 
Beas 


THRESHOLD VOLTAGE 
vs 
SUPPLY VOLTAGE 


vt 20mv_ | | 


eS eS oe 


Vcoc+ and Vcc — —Supply Voltages—V 


FIGURE 4 


COMMON-MODE FIRING VOLTAGE 6 
v 


=) 
FREE-AIR TEMPERATURE 


Vi(s) = ViH 
Common-Mode Input Pulse: 


Memory Interface Circuits: 


Ta—Free-Air Temperature— °C 


FIGURE 6 
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SN5522 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH OPEN-COLLECTOR OUTPUTS 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL-INPUT BIAS CURRENT DIFFERENTIAL-INPUT OFFSET CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


lip— Differential-Input Bias. Current— pA 


l1o— Differential-Input Offset Current— pA 


0! 
-50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 7 FIGURE 8 
HIGH-LEVEL INPUT CURRENT LOW-LEVEL INPUT CURRENT 
vs vs 
INPUT VOLTAGE INPUT VOLTAGE 


ljH— High-Level Input Current— pA 
iL — Low-Level Input Current—mA 


Synod) eOBya}U] AOWOYy ee 


V;—Input Voltage—V Vi—Input Voltage—V 
FIGURE 9 FIGURE 10 
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DUAL-CHANNEL SENSE AMPLIFIER 
WITH OPEN-COLLECTOR OUTPUTS 


VOH—High-Level Output Voltage—V 


yeaa OR eS els ce ca 
1+Vec- = -5V 

Ta, = 2680 | off nf ff 
sles! 
) 


TYPICAL CHARACTERISTICS 
OUTPUT VOLTAGE 


vs 
DIFFERENTIAL-INPUT VOLTAGE 


> 
o 
g 
) 
> 
> 
a. 
= 
1 
2) 
> 
0 5 40; 152° 20 =} 25 ~30.-26-. 40 
Vip — Differential-Input Voltage —mV 
FIGURE 11 
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


Memory Interface Circuits ee 


Vo_—Low-Level Output Voitage—V 


Heide 7 aloe 


0 
=0:.2. -=-04 °=@0.6 '<-O8'"' <1 OG 27 pees 10 .92-44 16° 48786 
IOH— High-Level Output Current—mA loL—Low-Level Output Current—mA 
FIGURE 12 FIGURE 13 
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SN5522 
DUAL-CHANNEL SENSE AMPLIFIER 
WITH OPEN-COLLECTOR OUTPUTS 


APPLICATION DATA 


large memory systems 


This application demonstrates an improved method of sensing data from large memory systems. The signal- 
to-noise ratio can be increased by sectioning the large core planes as illustrated in Figure 14. Two segments, 
usually consisting of 4096 cores each, can be interfaced by each of the dual-input channels of the SN5520 
or SN5522 sense amplifiers. The cascaded output gates of the SN5520 circuits may be connected to serve 
as the memory data register (MDR). A number of SN5522 sense amplifiers may be wire-AND connected 
to expand the input function of the MDR to interface all the segments of the plane. Complementary outputs, 
clear, and preset functions are provided for the MDR. Rules for combined fan-out and wire-AND capabilities 
must be observed. 


SEGMENTED CORE PLANE (represents one bit in memory word) 
STROBE ~LJ— 


SENSE LINE ial. SN5520 WITH OUTPUT 
CONNECTED AS MEMORY 
DATA REGISTER (MDR) 


SEGMENT A 
4096 CORES 
(Typical) 


SENSE LINE vel. 


MDR 

SEGMENT B OUTPUTS 
4096 CORES 

(Typical) aa Z 

MDR CLEAR (GATE G7) 
SN5522 USED AS 

SEGMENT C SENSE-INPUT EXPANDER 
4096 CORES FOR SN5520 

(Typical) 

#) WIRE AND 
“ CONNECTION 


SENSE LINE Bh. 


SEGMENT D i 
4096 CORES te 
(Typical) & ae a i 
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TO ADDITIONAL SN5522s TO PROVIDE NECESSARY NUMBER OF SENSE INPUTS 
FIGURE 14. SENSING LARGE MEMORY SYSTEMS 
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SN5524 
DUAL SENSE AMPLIFIER 
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High Speed and Fast Recovery Time J PACKAGE 


Time and Amplitude Signal Discrimination (TOP VIEW) 


Adjustable Input Threshold Voltage Levels 


Narrow Window of Threshold Voltage 
Uncertainty 


Multiple Differential-Input Preamplifiers 
High DC Noise Margin... 1 V Typ 


Good Fanout Capability 
TTL Drive Capability NC—No internal connection 


Standard Logic Supply Voltages FUNCTION TABLE 


Plug-in Configuration Ideal for Flow- 
Soldering Techniques 


description 


The SN5524 monolithic sense amplifier is 


designed for use with high-speed memory positive logic: W = AS 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and DEFINITION OF LOGIC LEVELS 


provides the necessary interface circuitry 
between the memory and the logic section. Low- 
level pulses originating in the memory are 
transformed into logic levels compatible with 


standard TTL circuits. TA is a differential voltage (Vip) between A1 and A2. For these 
ee f circuits, Vjp is considered positive regardless of which terminal 
The SN5524 sense amplifier features multiple is positive with respect to the other. 
differential-input preamplifiers and versatile & 
gating and output circuits, permitting a b= | 
significant reduction in the circuitry required to o 
accomplish the sensing function. A unique circuit design provides an inherent stability of the input threshold © 
level over a wide range of supply voltage levels and temperature ranges. Independent strobing of each rs) 
of the dual sense-input channels ensures maximum versatility and permits detection to occur when the oO 
signal-to-noise ratio is at a maximum. The strobe inputs and the outputs are compatible with standard eS 
TTL logic circuits. 2g 
The circuit provides for independent, dual-channel sensing with separate outputs. = 
The SN5524 is available in the J ceramic dual-in-line package and is characterized for operation over the he 
as je .o) 
full military temperature range of —55°C to 125°C. = 
= 
PRODUCTION DATA documents contain information ‘ Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to 3 
specifications per the terms of Texas Instruments TEXAS 6-25 
standard warranty. Production processing does no ‘3 
necessarily include testing of ail pussatate. . INST RUMENTS 
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circuit operation 


The SN5524 circuit features two completely independent sense amplifiers in a single package. Each amplifier 
features high fanout capability. 


logic symbolT logic diagram 
(5) yi 18) 
+ Vref ref + 
—Vret Vret — 
Cext 
1s (15) 
a 1W 
a ie 1A1 
1A2 1A2 
2s 
2s 
2A1 2w 2w 
2A2 2A1 
2A2 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
ab : 


STROBE 1S = 


OUTPUT 1W 
e ae ; — ke 
INPUTS ae 
amas. | crt 
STROBE 2S 
GND 1 lis 
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schematic 
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REET TRA A ed Brae Sis Sa EE vert AS NRT ER SE CD SER BN TR A Re Bt Se a SAD a dE EE IS 5 Oe SINE Ba a Bi ITI Ta aD SAR TIE Ty SSP SE SSRIS NIT He SEA OTE EE IIE IERIE ET FRI P IT f 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ‘6: 


Supaly vonage, Vers (66a NAtes ri ah wg ek Pee abies © ahale Wee She es PEEL OE © ee ee 7V 
mete) aa, foes, oe Big 7 y a a ge A Dela oka gel 6 Seay RP SE Rees RFT a a Oa 2 ae eee -7V 
CH CRSreiare einee Waele, W PES Or -Nete 4n e dk bce eo binll Ck ov wigte Nips ell eoee eee F saeiiew thas + 5-V 
Voltage omcany put to Ground (S00 INOTE ois a ce dee ee OLA ae a oe ee at 5.5 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 
SGM ORR eae ed Die Stra KS hea OS Eda Les Pe ek Dba ae Cea ae 1375 mW 
Operating tree-air temperature.range .. ove. T. eS ie io as —§5°C to 128°C 
Storage temperature range 950 NE eae ees SS. Sys Sond he ae eetg —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds...................004- 300°C : 


NOTES: 1. Voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Strobe input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature, derate total power linearly at the rate of 11.0 mW/°C. 


recommended operating conditions 


Positive supply voltage, Vcc + <0 , 
Negative supply voltage, Vcc — —4.75 -5 -5.25 


Reference voltage, Vref 


electrical characteristics over recommended operating free-air temperature range, VCC + = +5 V, 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


: ats Vref = 15 mV 10 18 20 
VT Differential-input threshold voltage mV 
Vref = 40 mV 35 40 45 
Vref = 40 mV, V =V eet 
Common-mode input firing voltage ref ; (S) IH ” 
VICE Common-mode input pulse: +2.5 V — 
(see Note 4) = 
tr = 15 ns, te < 15 ns, ty = 50 ns oO 
4 = sOmee |e eNO z 
lip Differential-input bias current Vcec+ = £5.25V, Vip =O | Ta = 25°C 30 75 pA oO 
Ta = 125°C 2 
lo Differential-input offset current Vcec+ = +5.25V, Vip = 0 SE? aa eS £ 
VOH High-level output voltage Vec+ = +4.75V, IoH = —400 pA a ’ 
VoL Low-level output voltage Vcc+ = +4.75V, lot = 16 mA 0.25 0.4 = 
High-level input current ViH = 2.4 V eee Eas —= 
NH : Vcc+ = +5.25V 
(strobe inputs) VIH_ = 5.25 V cee gi ee a 
Low-level input t 
Te Bee Sage Vec+ = +5.25V, Vit = 0.4V mA © 
(strobe inputs) & 
los Short-circuit output current Vec+ = +5.25V, Ta = 25°C =o, 1”. ate s a 
Icc+ Supply current from Vcc + Vcc+ = +5.25V, Ta = 25°C 25 40 ; 
Icc- Supply current from Vcc — Vcc+ = +5.25V, Ta = 25°C -15 -20 


tTypical values are at Vcc + = +5 V, Ta = 25°C. 
NOTE 4: Common-mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 
the specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is high. 
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switching characteristics, VCC + = +5 V, Ta = 25°C 


FROM T TEST 
PARAMETER = i“ se TEST CONDITIONS TYP MAX | UNIT 
(INPUT) (OUTPUT) FIGURE 


Pini ao ae. ee 


tPHL(D) 


MIN 
Ww 25 40 
20 
tPHL(S) 
, Differential-input overload Differential Input Pulse: 
oro recovery time (see Note 5) Vip = 2 V, tr = te = 20 ns 


20 
; Common-mode input overload Common-mode Input Pulse: 20 
orc recovery time (see Note 6) Vic = +2V,t, = te = 20 ns 
feyetrin) Minimum cycle time eI GnaEE TS Se yay 


NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input 
overload signal. prior to the strobe-enable signal. 
6. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode- 
input overload signal prior to the strobe-enable signal. 


TEXAS ti 


sai INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN5524 
DUAL SENSE AMPLIFIER 


PARAMETER MEASUREMENT INFORMATION 


DIFFERENTIAL 
INPUT Vcc- Vec+ 


SS ge a ae tae. > ee a Panes 288 22 2882 
1A1 G) i | 
ek Ses |S = We oureur 
- C3) 1W 
— 50 2 Cy = 15 pF 
GENERATOR = Sa a i 
(See Note A) . (6) 
oo etl ae G2) OUTPUT 
a 2w 
Ci = 15 pF 
50 0 S lc p 
| (See Note oF 


(4) l 


Ra apna: EAC Ciara ager seme 


50 2 50 2 


STROBE INPUT 
(See Note B) 


PULSE " 
GENERATOR fe 
(See Note A) = 
a } 
TEST CIRCUIT Nd 
O 
DIFFERENTIAL He 2 
INPUT PULSE 20 mv ses © 
| | i 
le—-twi—v ho 
| £ 

STROBE INPUT 
1.5 v! lav e 
PULSE l s 
Tea ew Shee 2 
tPHL(D) rT) 
tPLH(D)—>| Pies ag Ss 

| | 
OUTPUT 


1.5V 1.5V 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zoy, = 502, tr = 15 + Sons, te = 15 +5 ns, tw, = 100 ns, 
tw2 = 300 ns, and PRR < 1 Mkz. 
B. The strobe input pulse is applied to Strobe 1S when inputs 1A1-1A2 are being tested and to Strobe 2S when inputs 2A1-2A2 
are being tested. 
C. Cy includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES 
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V1—Threshold Voltage— mV 


TYPICAL CHARACTERISTICS 


THRESHOLD VOLTAGE 


vs 
REFERENCE VOLTAGE 


50 


aM rs 
a eee 
Ag 


Vec+ = 5V 
45 Vcec- = -5V 


‘ PPE 
ele poerGl 15] 


ie 
0 5 10 15 20 25 30 35 40 45 50 


Vref— Reference Voltage—mV 
FIGURE 2 
NORMALIZED THRESHOLD VOLTAGE 


Vs 
PULSE REPETITION RATE 


a 
CUAIIT LAI TEM TEM TT 
CUTIE CTE ER ETI | 
STATI TAM TAM TEM 
Sli oe pete a 
CUI TT TMI TUTE FUT 


0 o LUM UUM TU TU 


0.001 0.01 
PRR—Pulse Repetition Rate— MHz 


FIGURE 4 
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0.1 1 100 


Vt1—Threshold Voltage — mW 


VicF—Common-Mode-Input Firing Voltage—V 


THRESHOLD VOLTAGE 


vs 
SUPPLY VOLTAGE 


Vcc + and Vcc —- —Supply Voltages—V 
FIGURE 3 
COMMON-MODE FIRING VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


Vis) = ViH 
Common-Mode Input Pulse: 


tr < 15 ns, t¢ = 


0 10 20 30 40 50 


_ Ta—Free-Air Temperature — °C 


FIGURE 5 
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1p — Differential-Input Bias Current—pA 


lH — High-Level Input Current— yA 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL-INPUT BIAS CURRENT 
vs 
FREE-AIR TEMPERATU 


RE 


=-60 -265 .0 26°: SO 75:- 100: 125 


Ta—Free-Air Temperature — °C 


FIGURE 6 


HIGH-LEVEL INPUT CURRENT 
VS 
INPUT VOLTAGE 


Base Be attr 
peared | 
0 1 2 3 4 5 


V;—Input Voltage—V 
FIGURE 8 


19 — Differential-Input Offset Current— pA 


1. — Low-Level Input Current—mA 


DIFFERENTIAL-INPUT OFFSET CURRENT 
vs 
FREE-AIR TEMPERATURE 


0 
-~75§ -50 -25 0 50 75 100 125 


Ta —Free-Air Temperature — °C 
FIGURE 7 
LOW-LEVEL INPUT CURRENT 


vs 
INPUT VOLTAGE 


0.5 1 1.5 2 
V;—Input Voltage—V 
FIGURE 9 
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TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 
vs 
DIFFERENTIAL-INPUT VOLTAGE 


Vo—Output Voltage—V 


20 


25 


30 35 40 


Vip — Differential-Input Voltage —mV 
FIGURE 10 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
HIGH-LEVEL OUTPUT CURRENT 


voce = 6v | | 
1rVcc- = -5V 

OS sca ee |oeec eee ba 
mee Be hei ee Be 
0 


-0.2 -0.4 -0.6 -0.8 am 


lOH— High-Level Output Current— mA 
FIGURE 11 


Vo_—Low-Level Output Voltage—V 


LOW-LEVEL OUTPUT VOLTAGE 


vs 
LOW-LEVEL OUTPUT CURRENT 


2 4-6 86 ‘10° t2°:74 16016 20 
lo_—Low-Level Output Current—mA 
FIGURE 12 
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TYPICAL APPLICATIONS 


small memory systems 


This application demonstrates an improved method of sensing data from small memory systems. Two 
individual core planes, usually consisting of 4096 cores each, can be interfaced by each of the dual-channel 
SN5524 sense amplifiers, see Figure 13. Standard TTL integrated circuits, driven directly from the 
compatible sense-amplifier outputs, may be selected to serve as the memory data register (MDR). 


STROBE JL MEMORY DATA 
REGISTER 
SENSE LINE1[ = “SN5524 | hese. 
PLANE 1 , 
4096 CORES | 
(Typical) oe) ae : 
| | l 
RT 2 Rr | | 
er 2 i a Mme 4 
SENSE LINE 2 : | , 
PLANE 2 ) | 
4096 CORES a 
(Typical ae Ty} oH : 
Pees Sales Rae | | 
c eer | 
7 — | 
SENSE LINES [. at 26, l 
| 


| 
| 
BIT 3 | 
| 
| 


PLANE 3 
4096 CORES 
(Typical) et ey 
Rt 


| ” 

| en ares ’ 5 

SENSE LINE 4 | | rs) 

PLANE 4 | Eee: eee © 
4096 CORES l a) 
(Typical Sige * a ! : £ 
thos: 

= 

= = | pi 

! bes 

E 

TO ADDITIONAL PLANES AND SN5524s AS NECESSARY FOR COMPLETE MEMORY WORD 2 


FIGURE 13. SENSING SMALL MEMORY SYSTEMS 
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D2338, DECEMBER 1986 


High Speed and Fast Recovery Time J‘PACKAGE 


: ; é eo eee (TOP VIEW) 
Time and Amplitude Signal Discrimination 


Adjustable Input Threshold Voltage Levels 


Narrow Window of Threshold Voltage 
Uncertainty 


Multiple Differential-input Preamplifiers 
High DC Noise Margin... 1 V Typ 
Good Fanout Capability 


TTL Drive Capability NC—No internal connection 


Standard Logic Supply Voltages FUNCTION TABLE 
Plug-in Configuration Ideal for Flow- INPUTS | OUTPUT 
Soldering Techniques ” Shae w 
H H L 
description Xx H 
The SN55234 monolithic sense amplifier is oe ie 3 


designed for use with high-speed memory positive logic: W = AS 
systems. This sense amplifier detects bipolar 
differential-input signals from the memory and DEFINTION OF LOGIC LEVELS 


provides the necessary interface circuitry 


between the memory and the logic section. Low- oad) Padlias SHOR Eiitaee Sek Gis. Sy 
level pulses originating in the memory are Se a 
transformed into logic levels compatible with | S| = Vin min | Vi < Vi_ max 


standard TTL circuits. 


TA is a differential voltage (Vip) between A1 and A2. For these 


The SN55234 sense amplifier features multiple circuits, Vip is considered positive regardless of which terminal 


; ee is : iti ith t to the other. 
differential-input preamplifiers and versatile ee te ke 2 
gating and output circuits, permitting a 5 
significant reduction in the circuitry required to o 
accomplish the sensing function. A unique circuit design provides an inherent stability of the input threshold S) 
level over a wide range of supply voltage levels and temperature ranges. Independent strobing of each © 
of the dual sense-input channels ensures maximum versatility and permits detection to occur when the = 
signal-to-noise ratio is at a maximum. The strobe inputs and the outputs are compatible with standard 
TTL logic circuits. 2 
The SN55234 sense amplifier is available in the J ceramic dual-in-line package and is characterized for = 
operation over the full military temperature range of —55°C to 125°C. > 
3 
Ss 
PRODUCTION DATA documents contain information re Copyright © 1986, Texas Instruments Incorporated 
— as of — date. Heng — ~ TE 4 
specifications per the terms of Texas Instruments XA wy 
standard warranty. Production processing does not 6-35 
necessarily include testing of bf santas. INSTRUM ENTS 
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circuit operation 


The SN55234 dual sense amplifier circuit features two completely independent sense amplifiers in a single 
package. Each amplifier features high fanout capability. An additional stage in the output gate provides 
an inverted output and internal compensation has been added. By not using a separate gate for inversion, 
the package count is reduced and less propagation delay is added. The need for an external roll-off capacitor 
is also eliminated. 


logic symbolt logic diagram 
+Vret 2 Vref + 
ee Vref Vref a 
1S 1S 
1A1 
1A2 1A1 
2S 1A2 
2A1 2s 
2A2 
2A1 
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 2A2 
schematic 
= Se 
g 
Vref 
S : eeu : i “8 ae 
9 : 
ee: a 
= pe 2s 
= 
: 
« & 1A1 
® 
© INPUTS 
@ ae 2k2NOM_ 
; pe tA Baz over 
= 
c weer ae SE 
= STROBE 1S = 
i 
INPUTS & = 2 kQ NOM 
at 1 i. 
- 
GND 1 GND 2 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Sunny. Volumes, Vers (eee Neate 8) oS Re Ga as ss Eo 4s ee PROSE oe ee eee tow 
MAEIENY APEC, ER oe arte hod 4S boos SRE We De A SEA les 03s 2 a Ee ei eee -7V 
Peer Oraraiar iit ereatlG- WitsOF. Nrad o. oS- 3a 5. a04 wos Saal eo-d 6a pee eth do as a ee t+5V 
Voltage from any input to ground (see Note 2)............. 0... eee eee eee 5.5 V 
Continuous total power dissipation at (or below) 25°C free-air temperature 

OB BS) ES Se en Se a EE Ss oe ee ae eer 1375 mW 
Operating free-air temperature range: 2 os os sw acces ca wee ha ere ees ~§5°C-to 125°C 
Storage temiparative range :...< 2. 3.5... See BEG BH ee A BSE —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds...................404.4 300°C 


NOTES: 1. Voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Strobe input voltages must be zero or positive with respect to the network ground terminal. 
3. For operating above 25°C free-air temperature, derate total power linearly at the rate of 11.0 mW/°C. 


recommended operating conditions 


eS ea a er ae ee eS a 
- Positive supply voltage, Vcc + 4.75 5 8.264 Veo) 
Negative supply voltage, Vcc — —4.75 -5 -—5.25 oe as 


Reference voltage, Vref 


High-level input voltage (strobe inputs), Vip 
Low-level input voltage (strobe inputs), Vi_ eae 


electrical characteristics over recommended operating free-air temperature range, VCC + = +5V, 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Vref = 15 mV 

Vref = 40 mV 

Vref = 40 mV, Vi(s) = VIH 
Common-mode input pulse: 

tr < 15 ns, t¢ < 15 ns, ty = 50ns 


ee ae 
Ta = 25°C 
Ta = 125°C 7 


VT Differential-input threshold voltage 


Common-mode input firing voltage 
(see Note 4) 


VICF 


Differential-input bias current Vec+ = +5.25V, Vip =0 


Vip = 2.4 V 
Vi = 5.25 V 


lcc + Supply current from Voc + Vec+ = +5.25 V, Ta = 25°C 
Icc— Supply current from Vcc — Vcoc+ = +5.25V, Ta = 25°C 


TTypical values are at Vcc + = +5 V, Ta = 25°C. 
NOTE 4: Common-mode input firing voltage is the minimum common-mode voltage that will exceed the dynamic range of the input at 
the specified conditions and cause the logic output to switch. The common-mode input signal is applied when the strobe is high. 


ircuits 


Memory Interface C 
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switching characteristics, VCC + = +5 V, TA = 25°C 


FROM TO TEST 
PARAMETER TEST CONDITIONS M TYP MAX | UNIT 
er nae. RT SE a 
tPHL(D) o Bier some 


tPHL(S 
UNIT 
t 
wie recovery time (see Note 6) Vic = +2 V, ty = te = 20 ns 


(eaciminy “Minimum cycle time So ee eee ae 


NOTES: 5. Differential-input overload recovery time is the time necessary for the device to recover from the specified differential-input 
overload signal prior to the strobe-enable signal. 
6. Common-mode-input overload recovery time is the time necessary for the device to recover from the specified common-mode- 
input overload signal prior to the strobe-enable signal. 


recovery and cycle times, VCC + = +5 V, Ta = 25°C 


IN 
PARAMETER TEST CONDITIONS MIN TYP MAX 
; Differential-input overload Differential Input Pulse: 
or recovery time (see Note 5) Vip = 2 V, tr = te = 20 ns 


Common-mode input overload Common-mode Input Pulse: 
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PARAMETER MEASUREMENT INFORMATION 


DIFFERENTIAL 
INPUT Yor = Vcoc+ 


6 
=“ 


< , ie hw 
OUTPUT 
oS cP @ i 


PULSE , Ci = 15 pF 
GENERATOR v eo iB (See Note oF 
(See Note A) ( Ee) 
dea LOTT oureut 
Or " 
50 0 ef | cy = 15 pF 
(See Note C) = 
Vref = 20 mV (5) 7 
Sis. | 
ha —E —_——s eae oe —_ -—eE ae ——s fl 
1S 2S 
50 2 50 2 
STROBE INPUT l 
(See Note B) 
PULSE 
GENERATOR 
(See Note A) i] 
A 
TEST CIRCUIT e 
a. 
DIFFERENTIAL pet moins OO my O 
INPUT PULSE 20 mV 20 mV 20 mV 20 mV @ 
| | Ov © 
t ey eee 
two} ei le k 
STROBE INPUT | / \ g TERRA ap ye siete 2 
1.5V ; ' 
ape Sr 1.5V 1.5V 1.5V - B= 
PRES 28 A w je—t 1—> 
| >| bd => 
1 | | | -VOH S 
OUTPUT 1.5V 1.5V 1.5V 1.5V © 
seb hee Baek 99 VOL > 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Zoyz = 500, tr = 15 +5 ns, te = 15 +5 ns, ty, = 100 ns, 
tw2 = 300 ns, and PRR < 1 MHz. 
B. The strobe input pulse is applied to Strobe 1S when inputs 1A1-1A2 are being tested and to Strobe 2S when inputs 2A1-2A2 
are being tested. 
C. Cy includes probe and jig capacitance. 


FIGURE 1. PROPAGATION DELAY TIMES 
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TYPICAL CHARACTERISTICS 


THRESHOLD VOLTAGE THRESHOLD VOLTAGE 
vs vs 
REFERENCE VOLTAGE SUPPLY VOLTAGE 


> = 
E E 
° ° 
D o 
£ £ 
i) ) 
> > 
2 2 
3 2} 
£ £ 
” ” 
o ® 
£ £ 
‘i 1 
b - 
> > 
if 5 10 15 20 25 30 35 40 45 50 4.5 4.75 5 5.25 5.5 
Vref— Reference Voltage —mV Vcc + and Vcc — —Supply Voltages—V 
FIGURE 2 FIGURE 3 
NORMALIZED THRESHOLD VOLTAGE COMMON-MODE FIRING VOLTAGE 
vs vs 
PULSE REPETITION RATE FREE-AIR TEMPERATURE 


veces = 8Y UNM TMT UH 
fe 
veer = 20mv 111 LUMI | Ul 
Marerraberrtran gM AI Voo+ + BY 
Vec- = -5V 

Vref = 20 mV 


Vis) = VIH 
Common-Mode Input Pulse: 


S}HINDIID GOepE}Uy AJOWOSy ES 


Vt—Normalized Threshold Voltage —mvV 


0.2 


~) 
© 
Rhea 
ey 
— 
Bae 
Oe 
+—— 
set 
— 

VicF—Common-Mode-Iinput Firing Voltage —V 


o LAI a0 
0.001 0.01 0.1 1 100 0. 105-20 +.20.; 40 .:80...60 706 
PRR—Pulse Repetition Rate — MHz Ta —Free-Air Temperature — °C 
FIGURE 4 FIGURE 5 
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TYPICAL CHARACTERISTICS 


DIFFERENTIAL-INPUT BIAS CURRENT DIFFERENTIAL-INPUT OFFSET CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


ee: Gane 
meee tikes ce Reet 
abe Ae al ne es i 
Re Lk che dg 


mis GAs 
Pike aes 


11g — Differential-Input Bias Current— pA 
110 — Differential-Input Offset Current— yA 
>) 
© 


6] 
-50 -25 0O 25 50 75 100 125 -75 -50 -25 0O 25 50 75 100 125 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 
FIGURE 6 FIGURE 7 
HIGH-LEVEL INPUT CURRENT LOW-LEVEL INPUT CURRENT 
vs vs 
INPUT VOLTAGE INPUT VOLTAGE 
= 2 ” 
oe 
3 
< ‘ 5 
! Bee Ss) 
c et. 
2 8 S 
3 5 © 
2 pe — 
4 S ® 
E at E 
7} aut aa 
A j > 
£ = ° 
= 3 -0.5 £ 
l 7 co 
x o 2 
V;—Input Voltage—V Vi—Input Voltage—V 
FIGURE 8 FIGURE 9 
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VOH—High-Level Output Voltage—V 
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TYPICAL CHARACTERISTICS 


Z OUTPUT VOLTAGE 
vs 


DIFFERENTIAL-INPUT VOLTAGE 


Vo — Output Voltage—V 


0 5 10.15 2@4i28:-~ 30° * 35':>40 
Vip — Differential-input Voltage—mV 


FIGURE 10 


HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT 


geen eel eer 
Vcec- = -S5V 
[tease | | || 
— 
Bo SG RRR BeBe ae 
att tt 


0.4 


fe Rn Se a 
eee ert 
veces =sv | | | | | [_ Pace eat 
1FVcc- = -5V . 
eae a an es ae Oe Pe Seer esas ee 
dese ncne ce aag 
0 


0.2 


Vo._—Low-Level Output Voltage—V 


Sie 0.8 08! 883 0°24 6+ 8 ~ 18:12" 14 16" :48: 20 
1oH— High-Level Output Current—mA lo_—Low-Level Output Current—mA 
FIGURE 11 FIGURE 12 
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SN55234 
DUAL SENSE AMPLIFIER 


TYPICAL APPLICATIONS 
small memory systems 


This application demonstrates an improved method of sensing data from small memory systems. Two 
individual core planes, usually consisting of 4096 cores each, can be interfaced by each of the dual-channel 
SN55234 sense amplifiers, see Figure 13. Standard TTL integrated circuits, driven from the compatible 
sense-amplifier outputs, may be selected to'serve as the memory data register (MDR). 


STROBE _S-L. MEMORY DATA 
REGISTER 
SENGE(NEAE Sc > ee kage ies ee she. 
PLANE 1 
4096 CORES 
(Typical) ee See. if ek ere 
. | | snsaoa | 
RT fi | : | | 
= aS | = se we on ae 7 
SENSE LINE 2 ! | l 
PLANE 2 | 
4096 CORES BIT 2 
(Typical) tte eee oa s | 
RT BES icaichtaears yer | | 
Ec ag | 
SENSE LINE 3 PS gt panel | | 
PLANE 3 
4096 cones| | r= 
(Typical) eS -d> , 

Rr | SN5404 2 ees J é 
=> + ? l | | pa 
= = | = 

SENSE LINE 4 |p | | Oo 

PLANE 4 i | BIT 4 | oO 

(Typical) ape | Be j i S) 

: © 

RT iv —_— 7 sns40g LL —— —J e 

| 2 

> 5 c 

| rs 

Serre a 5 
TO ADDITIONAL PLANES AND SN55234s AS NECESSARY FOR COMPLETE MEMORY WORD E 

® 

FIGURE 14. SENSING SMALL MEMORY SYSTEMS S 
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SN55325 
MEMORY CORE DRIVER 


D969, MARCH 1971—REVISED SEPTEMBER 1986 


600-mA Output Capability J PACKAGE 
(TOP VIEW) 


Fast Switching Times 
Output Transient-Voltage Protection 


Dual Sink and Dual Source Outputs 


Minimum Time Skew Between Address and 
Output Current Rise 


24-Volt Output Capability 


Source Base Drive Externally Adjustable 
TTL Compatibility FK PACKAGE 
Input Clamping Diodes (TOP VIEW) 
Transformer Coupling Eliminated 
Reliability Increased 


Drive-Line Lengths Reduced 


Use of External Components Minimized 


description = 


The SN55325 monolithic integrated circuit 
memory driver is designed for use with magnetic 
memories. 


n[] SOURCE COLLECTORS 


The device contains two 600-milliampere source NCf} 6 16[}NC 
switches and two 600-milliampere sink S27 15[} Rint 
switches. Source selection is determined by one chs 14[]D 
of two logic inputs, and source turn-on is 10 11 
determined by the source strobe. Likewise, sink 
selection is determined by one of two logic 2 
inputs, and sink turn-on is determined by the sink bine le 
strobe. This arrangement allows selection of one 
of the four switches and its subsequent turn-on 
with minimum time skew of the output current 
rise. 


” 
~ 


P= 
O -N 
ae, 


C 
ircul 


NC—No internal connection 


When Rint and node R are connected together, the amount of base drive available for the source-1 or 
source-2 output transistor is set internally by a 575-ohm resistor. This method provides adequate base 
drive for source currents up to 375 mA with a VCC 2 voltage of 15 volts or 600 mA with a VCC2 voltage 
of 24 volts. 


Memory Interface C 


When source currents greater than 375 mA are required, it is recommended that a resistor of the appropriate 
value be connected between VC¢2 and node R and Rjnt must remain open. By using this method the source 
base current may usually be regulated within + 5%. An advantage of this method of setting the base drive 
is that the power dissipated by this resistor is external to the package and allows the integrated circuit 
to operate at higher source currents for a given junction temperature. 


Each sink-output collector has an internal pull-up resistor in parallel with a clamping diode connected to 
VCC2. This arrangement provides protection from voltage surges associated with switching inductive loads. 


The SN55325 is characterized for operation over the full military temperature range of —55°C to 125°C. 


PRODUCTION DATA documents contain information A 
current as of publication date. Products conform to f 
fj arnt per = on of Texas Jasirempents TEXAS é 6-45 
standard warranty. Production processing does not . 
necessarily include testing of all parameters. INSTRUM ENTS 
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SN55325 
MEMORY CORE DRIVER 


\ logic symbolT 


SOURCE COLLECTORS 


Rint 


NODE R 


TThis symbol is in accordance with ANSI/EEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the J package. 


FUNCTION TABLE logic diagram (positive logic) 
ADDRESS INPUTS] STROBE INPUTS OUTPUTS 13) (2) w 
SOURCE SOURCE | SINK A 
A B Wee ge 
ON OFF - 
OFF ON SOURCE 
OFF. OFF ste COLLECTORS 
OFF OFF gee (15) 
OFF OFF Xx 
OFF OFF 
Cc 
H = high level, L = low level, X = irrelevant 
NOTE: Not more than one output is to be on at any one time. 
$2 GND 
D 
z 


Vcoc2 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


= 
© 
Cs 
° 
=] 
< 
Ss 
- 
© 
=] 
= 
a 
oO 
© 
© 
= 
3 
= 
— 
7) 


SBNALI Pla MACE EES 4: NES TINGE DD 82d oy c's a Soon, eek gneoah suit oi a aaxt Biba ee SALE Wik le oe wee 7V 
RORLONY NON SSHRC EO CE IO INNES a ae 9 oo ok tips aotne'e Suge VNR, Ame FOR Spe es Soe Le RTS wa 25°¥ 
INEtILARae Tay BOdtone OF GIlODe INBLIth. :. Wx cise Sdn. ele Ah Orin ek eee ie abe a 5.5. V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1375 mW 
Operating free-air temperature range 2: i. ee ee ee we eee —§5 to 125°C 
Storage teningtature range. 4 3). Se Ses OP A EL ee AS Pa —65 to 150°C 
Case temperature tor 10: seconde:.FK-packaoe .-. 2 i. OL Oe a ie OS 200°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 


NOTES: 1. Voltage values are with respect to the network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 11.0 mW/°C for both packages. 
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SN55325 
MEMORY CORE DRIVER | 


recommended operating conditions 


Supply voltage, Vcc1 
Supply voltage, Vcc2 4.5 24 


High-level input voltage, Viy . Ce wea Bee 
Low-level input voltage, Vj, Sees aay 
Operating free-air temperatuare, Ta SS a aS 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 


Voc) = 4.5V, Veco = 24V, 
cet ec2 ig ale 


ViK Input clamp voltage 


l) = -10 mA, Ta = 25°C 
Source-collectors terminal Vec1 = 4.5 V, Ta = -55°Cto125°C | = (sss ‘i 
(off) off-state current Vec2 = 24V Ta = 25°C pais SE 

V = 4.5V, Vv = 24V, 
VoH ~~ High-level sink output voltage aie — AP Baa one 

Vceci = 4.5 V, 

Vec2 = 15 V, Ta = —55°C to 125°C 

| Source outputs |R_ = 2402 to Vcc2, 
source) ~ ~600 mA#, 


See Note 3 
Vec1 = 4.5 V, 
Vec2 = 18 V, 
RL = 2402 to Veco, 


Sink outputs 
lisink) =~ 600 mA}, 
(sink) - Ta = 26°C 0.43 0.7 
See Note 3 


mA 


voltage 


current Vi = 2.4 V 6 80 
Voci = BBV, Vec2 = 24V, ee eae: 

current Vi = 0.4 V MRS Me YF 

Supply current, all Veci = 5.5 V, Vec2 = 24V, Pa ge) 


| 
CC(off) sources and sinks off | From Vcc2 Ta = 25°C 7.5 20 ma 


Supply current from Vcc1 


| 
cc1 either sink on 


Visat) Saturation voltage 


shes #3 
V 


A 
Ta 
Ta 

A 


Input current at 


I maximum input 


Vcc1 
l(source) = —50 mA, TA = 25°C: 


See Note 3 


Supply current from Vcc2, 


| 
CC2 either source on 


T All typical values are at Ta = 25°C. 
+ Under these conditions, not more than one output is to be on at any one time. 
NOTE 3: These parameters must be measured using pulse techniques, ty, = 200 us, duty cycle <2%. 
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$N55325 


MEMORY CORE DRIVER 


switching characteristics, Vcc1 = 5 V, Ta = 25°C 


PARAMETER TO (OUTPUT) TEST CONDITIONS MIN TYP MAX | UNIT 


ee 
a bs AARNE Sok ee See 
PHL 


eee eee 

i Source outputs Vec2 = 20V, RL =1k2, Cy. = 25 pF 

Be sey 
Ces range ae | 

eee ee ee eS a gee eee 


Sink outputs Vcoc2 = 15 V, Rp = 240, Cy = 25 pF 
THL 


Voca = 15V, AL = 240, O, = 250F 
Trey = propagation delay time, low-to-high-level output 

tPpHL = propagation delay time, high-to-low-level output 

tTLH = transition time, low-to-high-level output 

tTHL = transition time, high-to-low-level output 


ts = storage time 


schematic 
(9) (16) 
Vec1 Vec2 
VY 4 ka 5752 (12) 
Rd =. (1) SOURCE 
peas (3) COLLECTORS 
ESS A pg | q@ Ss 
‘as OUTPUT W 
STROBE $1 
1kQ 
(13) 
ee NODE R 
yf 800 rie 
1 
(15) output x 
aporess B {17 
1kQ 
VY 552 
50 2 
OUTPUT Y 
(6) 
ADDRESS C 


(5) 
STROBE S2 


E F540 


oe OUTPUT Z 


u ge 
Bison Sa 


Component values shown are nominal. Pin numbers shown are for the J package. 


8 
GND 
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$SN55325 
MEMORY CORE DRIVER 


TYPICAL APPLICATION DATA 


balanced bipolar logic-line driver 


The circuit shown in Figure 1 converts standard TTL logic to bipolar logic. Bipolar logic is primarily used 
in transmitting data or clock pulses over long lines. This line-driver may be operated from a single 5-volt 
supply; however, the output drive may be increased by raising the supply voltage to the source collectors. 
The circuit features a three-state output that is off during the absence of data, thus not dissipating high 
power. It provides a balanced drive circuit giving maximum noise immunity when used with the proper 
line receiver. Large drive levels can be used to further increase noise immunity. The circuit is capable of 
driving twisted-pair lines of several thousand feet in length or low-impedance coaxial lines. 


14V 


SOURCE 
COLLECTORS 


: | 
ee lw 
9 OUTPUT WZ 


| Rt = 1002 
© OUTPUT XY 


[Vee GND 
= 5 V = 
TEST CIRCUIT 
TTL | | | | | | 
INPUT 
OUTPUT 
WZ TO XY 


VOLTAGE WAVEFORMS 


TR and C are adjusted to give the desired bipolar output pulse width. 


FIGURE 1. BALANCED BIPOLAR LOGIC-LINE DRIVER 
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SN55325 
MEMORY CORE DRIVER 


TYPICAL APPLICATION DATA 


balanced bipolar logic-line driver 


= 
® 
3 
° 
= 
< 
=] 
-- 
© 
=a 
8) 
O° 
© 
© 
= 
re 
¢ 
> 
B 


NOTE 


In memory-drive applications, the SN55325 can be connected in any of several ways. Typically, however, 
sources and sinks are arranged in pairs from which many drive-lines branch off as shown in Figure 2. Here 
each drive-line is served by a unique combination of two source/sink pairs so that a selection matrix is 
formed. To select drive-line 13, SN54154 No. 1 must be set to 3 (with mode select high), enabling source X 
of SN55325 No. 2 to drive lines 12 through 15, and SN54154 No. 2 must be set to 2, providing a sink 
at Y of SN55325 No. 4 for drive-line 13 only. Alternatively, to drive current in drive-line 13 in the opposite 
direction, only the mode-select voltage would be changed from high to low. The size of such a matrix 
is limited only by the number of drive-lines that a source/sink pair can serve. This number in turn depends 
on the capacitive and inductive load that each drive-line of the particular system imposes on the driver. 
A 256-drive-line selection matrix is shown in Figure 3. These 256 drive-lines are sufficient to serve 
(256/2)2 = 16,384 individual cores. 


THIS 4 x 4 GRID OF SOURCE-SINK 
PAIRS FUNCTIONS AS A MATRIX 
TO SELECT ONE OUT OF 16 DRIVE-LINES 


DRIVE-LINE 


ENABLE 
TIMING STROBE 


SINK STROBE 


MODE SELECT 


(SOURCE/SINK) eae 


012345 6 7 8 9101112131415 


SN54154 No. 2 


ABCD Gi G2 


MODE SELECT ENABLE TIMING 
(SOURCE/SINK) . STROBE 


TO ADDITIONAL 
SOURCE-STROBE SINK-STROBE 
INPUTS INPUTS 


TO ADDITIONAL 


A: This optional mode-select and timing-strobe technique can be used in place of the SN5404 mode-select and SN54154 timing- 
strobe when minimum time skew is desired. 
B. All diodes are IN4607. 


FIGURE 2. SN55325 USED AS A MEMORY DRIVER TO SELECT ONE OF SIXTEEN DRIVE LINES 
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S97SZ SVX31 ‘'SVTIVG « Z10SS9 XO8 3951540 1SOd 


SLNAWNUYLSN 


™ SVX4] 


LS-9 


y DIODE DETAIL A 
DRIVE LINES 


56 DETAIL 8's AND 14 DETAIL C's 
CONNECTED (AS SHOWN AT LEFT) 
TO 7 SN55325s. 


SOURCE § 15—0 
157 Sea Ee ee ae a a eS et ee ee ee ee ee ee a ee ae ee Ce we ee oe | 
te ice Paw 
SC PSR Dee 
2 SS eT | ae Ae 
pt} 44 fF 
ee ES Le) 
i co Ss Sl ORES 
1/2 el eh ee Se hee Ce eae 
SN55325 12 (aN (St (WO Be ee es 
CS Re 2 ee ee hie? eae 
pp BE RE Mies fea 
7 ee es ee ES 
tt ott 
SS mee Se wm eas See 
2 DS) Oe ee ptt pap hf es 
ees es ee, 2S Se ee Pee eee ee oe as | 1 | | 
Pega tetetetertt ¢C! See, ide 
1 1 1 
L ; n-1 | | | 1 
1/2 to ra ee ee © oe = spel : ; ! 
SN55325 DETAIL A 1 _—— 
a 1 
| 
| 
a ae oat 7 
DETAIL A 
DETAIL A 
Ce ae ns a 


To] fr ol : - fol) 
; rag raya ois Pet 133 
t=)'=y RH lapel leyel fave 
By) EIEy BIE) BIE! Bib 


ol 


rayfs 
Isa 
i> 
dal Ke 
> >i 
4aLJ 


! 
~ ™ ONE ORIVE _ be es 
LINE BUS 


' 
rc - he ; 
CIRCUIT REQUIREMENTS: ' ; r  DeTALC 
49 eNeBSOB. ll SOR | ee ee me 
' feed ion it BS 
ee ow ! sa EA ! 
1/2 SN5404 | DIODE 20) mE 1 : 
672 1N4607 DIODES DETAIL C 2! ‘ ee Mam, me ao ee ee Om tad 


16,384 MEMORY CORES fab ori 
1/2 SN55325 1/2 SN55325 SN55325 | SN55325] ~ ~ ~ ~ | SN55325] SN55325 


SEE NOTE A 


NOTES: A. Outputs from one SN54154 decoder are connected to each SN55325 as shown in Figure 2..Source strobe and sink strobe from an SN5404 
are connected to each SN55325 as shown in Figure 2. 

The division of the drive-line bus into four segments reduces the capacitive load on the SN553285 driver. 

. All diodes are IN4607. 


FIGURE 3. SN55325 SERVING 256 DRIVE LINES IN A MAGNETIC MEMORY 
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SN55325 
MEMORY CORE DRIVER 


Die RMR is SAG SBS RSD Re 1 aR SS Bs ARR, TB AT NP, 1 Ase SV AN "GR TAT RE a YS PT OE A AB SRR PIR TEA WS SR OS 
TYPICAL APPLICATION DATA 
external resistor calculation 


A typical magnetic-memory word-drive requirement is shown in Figure 4. A source-output transistor of 
one SN55325 delivers load current (I). The sink-output transistor of another SN553285 sinks this current. 


The value of the external pull-up resistor (Rext) for a particular memory application may be determined 
using the following equation: 


16 [VCC2(min) — VS — 2.2] 


Rext a vr Re I LSS BAO RS SE Re oe es SO ee ae 
IL — 1.6 [VCC2(min) - VS - 2.9] 


(1) 


where: Re xt is in kQ, 
VCC2(min) is the lowest expected value of VCC2 in volts, 
Vs is the source output voltage in volts with respect to ground, 
IL is in mA. 


The power dissipated in resistor Rext during the load current pulse duration is calculated using Equation 2, 


IL 
PRext ~ 76 [(VCC2(min) — VS — 2] (2) 


where: PRext is in mW. 


After solving for Rext, the magnitude of the source collector current (Ics) is determined from Equation 3, 


Ics = 0.94 IL (3) 


where: Ics in in mA. 
As an example, let VCC2(min) = 20 V and VL = 3 V while IL of 500 mA flows. 


Using Equation 1, 
16 (20 — 3 - 2.2) 


eX SEIS ERNE Sa ee Bears Se Te 
500 —.1.6 (20 — 3 — 2.9) 


Rext = 


and from Equation 2, 


Peiant = [20 - 3 - 2] = 470 mw 


The amount of the memory system current source (ICS) from Equation 3 is: 
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Ics = 0.94 (500) = 470 mA 


In this example, the regulated source-output transistor base current through the external pull-up resistor 
(Rext) and the source gate is approximately 30 mA. This current and Ics comprise IL. 
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MEMORY CORE DRIVER 


TYPICAL APPLICATION DATA 
external resistor calculation (continued) 


Vcc2 


| 


rs ee SOURCE 
ONE COLLECTORS | 
1 SN55325 Ww 
' souRCE OR | 
Be es check te teow cand Seok alo a | RS 
IL | memory S 
ELEMENT | 
EE BOT a eas F Y 1 
| ONE OR | 
| SN55325 ey 
| SINK 
See ene Re Peete Kee ae I a 
GND 


NOTES: A. For clarity, partial logic diagrams of two SN55325s are shown. 
B. Source and sink shown are in different packages. 
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SN55326, SN55327 © 
MEMORY CORE DRIVERS 


D1496, SEPTEMBER 1973—REVISED SEPTEMBER 1986 


SN55326 ... J PACKAGE 
(TOP VIEW) 


Common Features 


Inputs Compatible with TTL Logic Levels 
GND [J1 \/i6[JCLAMP W,zZ 


Minimum Time Skew Between Strobe and 
Output-Current Rise 


@ Compatible with High-Speed Magnetic Core RextL]4 1i3[JS 
Memories NC[ ]5 121.}Vcc 
SN55326 Features XL}7 1w0LY 

Quad Positive-OR Sink Driver ales ne a eas 
600-mA Output Current Sink Capability SN55327 .. . J PACKAGE 
24-V Output Capability (TOP VIEW) 

Output Clamp Voltage Variable to 24 V 


SN55327 Features 

Quad Positive-OR Source Driver 
600-mA Output Source Capability 
Vcc2 Voltage Variable to 24 V 


Output Capable of Swinging Between VCc2 
and Ground 


NC—No internal connection 


FUNCTION TABLE 


INPUTS OUTPUTS 


ADDRESS STROBE w x y 2 
B C S 
L ON OFF OFF OFF 


description 


The SN55326 and SN55327 are monolithic 
integrated circuit quadruple memory core 
drivers. These devices accept standard TTL 


decoder input signals and provide high-current 2 
and high-voltage output levels suitable for driving = 
magnetic memory elements. Output transistor — 
selection is determined by using one of the four O 
address inputs and the common timing strobe. S 
The SN55326 memory core driver can sink up & 
to 600 milliamperes and operate from a single H = high level, L = low level, X = irrelevant o 
5-volt supply. Each driver is similar to the sink NOTE: Not more than one output is to be on at any one time. = 
drivers of the SN55325. The four output had 
transistors share a common base-drive resistor oy 
and it is recommended that only one of the four driver gates be selected at a time. Output-transistor base = 
current may be increased by connecting an external resistor between Re xt (pin 4) and Vcc. Each output o 
collector is protected from voltage surges during inductive switching by a clamping diode in parallel with = 


its internal pull-up resistor. The two clamp pins may be returned to a power supply of from 4.5 volts to 
24 volts. 


The SN55327 memory core switch can source or sink up to 600 milliamperes and operate from two supplies; 
one of five volts and the other from 4.5 volts to 24 volts. Each switch is similar to the source drivers of 
the SN55325. They can function as either sink drivers or source drivers since the voltages at the output 
transistor terminals are capable of swinging between VCC2 and ground. The four output transistors share 
a common base-drive resistor and it is recommended that only one of the four outputs be selected at a 
time. An internal base-drive resistor is available on the chip and can be used by connecting Node R (pin 4) 
to Rint (pin 5). This resistor provides adequate base current to the output transistors for output sink currents 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 6-55 
necessarily include testing of all parameters. INSTRUMENTS 
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SN55326, SN55327 
MEMORY CORE DRIVERS 


description (continued) 


up to 375 milliamperes with VCC2 at 15 volts or 600 milliamperes with VCC2 at 24 volts. Base current 
can be regulated to within +5 percent by substituting for this resistor an external resistor connected 
between Node R (pin 4) and VCC2 with Rint (pin 5) remaining open. This method is preferable in high- 
duty-cycle, high-power applications since the power dissipated in this resistor is outside the package. When 
a source current and VC¢2 voltage other than the above values are required, it is recommended that the 
base drive be supplied through an external resistor of the appropriate value calculated using Equation 1 
shown in the SN55325 data sheet. ; 


The SN55326 and SN55327 circuits are characterized for operation over the full military temperature range 
of —55°C to 125°C. 
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SN55326 SN55327 


CLAMP W, Z 


CLAMP X, Y 


tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN55326, SN55327 
MEMORY CORE DRIVERS 


logic diagrams (positive logic) 
SN55326 SN55327 
1 
s (13) . s! 3) 


COL W,Z 


COL X,Y 


Bo orn vem Seed TT 
[Supply veltage, VecorVeci weeNotwe)SOSC~C—s—C‘CS~C~YSSC‘dLsCS 

Bier eo eee ee 

ineit voting snyaddtersmatcba git ttat a Br 

ae ene ox 

ae 


a ee 

siege ee ee 
Operating free-air temperature range SSSCSC~“~*~“~‘“*~*~*~*~*~*~*~*~*~S BB NO TAB] BHD TAB] OC 
Stocagd wpwrsae aioe pee too eee a | a 
[Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ——=~S~=~“~*“‘*~rSC*« OCS Bias 


NOTES: 1. Voltage values are with respect to the network ground terminal(s). 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 11.0 mW/°C. 
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Vv 
V 
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recommended operating conditions 


Rigieioval put velege Vij, ee el 
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SN55326 
MEMORY CORE DRIVER 


TEST CONDITIONST 


Visat) Saturation voltage 


58 


TYP. MAX | UNIT 


24V, Ry, = 47Q, 


See Figure 3 


Vs = Viclamp) = 
sink) = 500 mA, 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
PARAMETER ‘UNIT 
MIN TYP* MAX 
V = 4.5'V, l) = -—10 mA, 
Vik Input clamp voltage ce | i eel PY | 
VOH High-level output voltage Vec = 4.5 V, lo =0 
Vec = 4.5 V, 
= . 
lisi = 600 mA3, 
(sink) Ta = 25°C 0.43 6.7 
See Notes 3 and 4 
Output-clamp-current, 
| l(sj = 50 mA, Ta = 25°C 5 mA 
(clamp) one output on (sink) a ja | 
Input current at 
ly maximum input Vi = 5.5 V 
Low-level = 
| Vv, = 0.4V 
input current 
ICC(off) Supply current, all outputs off All inputs at 5 V, tm" =.25°C 18 
switching characteristics, Vcc = 5 V, Ta = 25°C 
PARAMETER‘! TO (OUTPUT) TEST CONDITIONS § MIN 
t 
WXAV¥G CEL See Figure 3 
tTHL 
Ee te OW One 
T Unless otherwise noted, Vcc = 5.5 V, Viclamp) = 24 V. See Figure 1. 
+ All typical values are at Ta = 25°C. 


noted) 
Ta = 25°C 
1923 
RL = 232 to Vcc, 
Output-clamp-diode V = O, | = —10 mA, 
VFiclamp) p p (clamp) (clamp) 1.5 Vv 
forward voltage Ta = 25°C 
| High-level aaa a ere Os 
input current sia 
. Pe eee 
ICCion) Supply current, one output on lisink) = 50 mA, Ta = 25°C 
t 
te : i: 5 : 
PHL 
Vs = Viclamp) = 
6 . “3 : 
8 Under these conditions, not more than one output is to be on at any one time. 


Tteiy = propagation delay time, low-to-high-level output 
tpHL_L = propagation delay time, high-to-low-level output 
tTLH = transition time, low-to-high-level output 
tTHL = transition time, high-to-low-level output 


ts = storage time 

VOH = high-level output voltage (after switching) 
NOTES: 3. These parameters must be measured using pulse techniques. tw = 200 us, duty cycle < 2%. 
4. Rext is connected to Vcc through a 40-0 resistor. 


= 
© 
=| 
° 
=] 
< 
5 
~ 
© 
=o 
a 
@ 
© 
=| 
Fe 
S, 
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SN55327 
MEMORY CORE DRIVER 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 


ae 
< 
= 


SN55327 
PARAMETER TEST CONDITIONS? 
MAX 
Vcc = 4.5 V, l) = —10 mA, 
ViK Input clamp voltage - 
Ta = 25°C 


Collectors terminal Vec1 = 4.5 V, Full range 
ott) off-state current Vicol) = 24 V Ta = 25°C 


1 =e 
150 
Vec1 = 4.5 V, 
Full range 
Vo = 0, 
Saturation voltage RL = 2502to 15 V, 
(source) ~ — 600 mA8, 
Ta = 25°C 0.43 0.7 
See Notes 3 and 5 a 
Input current at 
V; = 5.5 V 
40 
20 
6 55 


s 
2 
=f 
~< 
me] 

wh 


V(sat) 


I maximum input 


High-level « 
NH : Vi = 2.4 V 
input current 160 
Hie Vv; = 0.4 V 


V 
pA 
V 
mA 
pA 
mA 
mA 


Supply current, From Vcc1 : 7 
ICC(off) All inputs at 5 V, Ta = 25°C 

all outputs off [From Vcc2 
Supply current, From Vcc1 | Vicol) = 6 V, (source) = —50 mA, 
CC(on) one output on | From Vec2 | Ta = 25°C, See Note 3 


switching characteristics, Vcc1 = 5 V, TA = 25°C 


PARAMETER‘! TO (OUTPUT) TEST CONDITIONS8§ 


MIN TYP MAX 


Collectors Vs = Vec2 = 15 V, RL = 2409, Cy, = 25 pF, 
W, Zor X, Y See Figure 3 and Note 5 30 55 ” 
yey ap | Meo = Vec2 = 20V, AL = 1008, C= 256F, s 

, ‘ ’ or 
pws 
Collectors Vs = V = 24V, Ri, = 47Q, C) = 25 pF; ad 
VoH S et2 t. Li p Vs-1 mV O 
W, Zor X, Y lisink) = 500 mA, See Figure 3 and Note 5 
® 
T Unless otherwise noted, Vcc; = 5.5 V, Vec2 = 24 V. See Figure 2. . 
¥ All typical values are at Ta = 25°C. -. 
8 Under these conditions, not more than one output is to be on at any one time. @ 
{teiy = propagation delay time, low-to-high-level output — 
tpH_L = propagation delay time, high-to-low-level output — 
tTLH = transition time, low-to-high-level output > 
tTHL = transition time, high-to-low-level output o 
VOH = high-level output voltage (after switching) Ss 
NOTES: 3. These parameters must be measured using pulse techniques. ty, = 200 us, duty cycle < 2%. rT) 
5. A 350-0 resistor is connected between node R (pin 4) and Vcc2 (pin 1) with Rint (pin 5) open. Ss 
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schematic 
SN55326 


(4) 
Rext 


(16) CLampP 


(12) 
: ged ARs oles : 
eS 
se : aie 


T E 
= 


(15) 


GND 
(9) CLAMP 


xX, Y 
uv. or : 
Xx 


Bee eee" 


s 
@ 
= 
o 
=| 
< 
> 
o> 
Oo 
= 
ay 
pe) 
'?) 
© 
© 
= 
7) 
c 
= 
” 


5 7 


— Ta os mo 
GND (8) a pe 


Resistor values shown are nominal and in ohms. 
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SN55327 
MEMORY CORE DRIVER 


schematic 
SN55327 
(12) 
Vcc (v) Vcc2 
VY sa V7 
(16) COLLECTOR 
Ww, Z 
Rede ee 
(13) 
STROBE 


(15) z 

(4) NODE R 
5) 

Rint 


” 
Goes 
(9) COLLECTOR ‘Ss 
lee 
B (7) _— 
> 4 
© 
® 
© 
6 
Eo 
® 
hat 
£ 
XY % 
de 
= 
Ss 
o (11) ue (10) y 
. or eS 
GND 
Resistor values shown are nominal and in ohms. 
U 
TEXAS a or 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


SN55326, SN55327 
MEMORY CORE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vcc OPEN (UNLESS OTHERWISE NOTED) 


meg as | SS \(clamp) 


Tv Ree 
5 ~ CLAMP W.Z | pase =. 


| Viclamp) 
| : is | chines 
| sink) 
| A «a (+) 
Visat) 
nai ae i 
zi = 
& 
Sap cee 


cn! 


Ne tie 
(+)——> 
oti-)| see clamp xy| = 
vi FUNCTION Viclamp) 
TABLE 2 ? | 
Xx ga 
eG | VOH 
aangiy > es eae 
Y = 
Peleg Jae ho aa 
| } st 
SRSA ee ee es 
FIGURE 1. GENERALIZED TEST CIRCUIT FOR SN55326 
Vcc1 Vcoc2 fe 
NOTE A 
Icc1 iz Icc2 
z ae s07 alee 
@ [ Veer [Vcc2 [Rint NODER 
3 | 
Oo l | 
< | 
< | \(sink) 
a COL W.Z | — (+) 
= : 
@ (sat) 
po (—-)—e 
5 source) O 
@ js paeeab + 
SEE zi 
© MI FUNCTION 
o TABLE 
pa 
> 
7) ) 


NOTE A: Rint is connected to Node R unless otherwise noted. 


FIGURE 2. GENERALIZED TEST CIRCUIT FOR SN55327 
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SN55326, SN55327 
MEMORY CORE DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vs <10 ns—4¢-— Pj ¢—_b'—. < 10 ns 
3V 


RL INPUT 
FROM OUTPUT 
OUTPUT | bik ink aa hap leas: hue Shes ae 
UNDER TEST _ 
Ci = 25 pF | (See Note B) : ¢+— ei ot 
k¢— tPpHL 
(See Note A) por te ne 
= 90% 
OUTPUT | : 
LOAD CIRCUIT | 5 
. wena ik — — Visat) 


{ | 
trH. —¢— — 


VOLTAGE WAVEFORMS a 


NOTES: A. Cy includes probe and jig capacitance. 
B. Input pulses are supplied by generators having the following characteristics: Zo, = 50 Q. For testing VOyH (after switching), 
tw = 40 us, PRR < 12.5 kHz. For all other tests, ty = 200 ns, duty cycle < 1%. 


FIGURE 3. SWITCHING TIMES 


INPUT 


1N3064 cael Writer mm raleigh Fes 
FROM OUTPUT OUTPUT l¢————_ tw Sel 
UNDER TEST (see Note B) 
Cy = 25 pF Ry = 1002 tTLH —+¢—> tTHL He a 
(See Note A) | , } ' 2 
a nome em VOL 
| ) cS) 
= OUTPUT ; os 
= O 
LOAD CIRCUIT VoL - 
VOLTAGE WAVEFORMS = 
‘NOTES: A. Ci includes probe and jig capacitance. g NF 
B. Input pulses are supplied by generators having the following characteristics: Zo; =~ 502, tw = 200 ns, duty cycle < 1%. = : 
FIGURE 4. SWITCHING TIMES S 
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Speech Synthesis Circuits 


Data Sheets 


ADVANCE 
INFORMATION 


PRODUCT SUMMARY 


TSP50C40A 
SPEECH SYNTHESIZER 


D2975, NOVEMBER 1986 


This data is excerpted from the 7SP50C40A Speech Synthesizer Data Manual 
intended for publication in early 1987. 


LPC-10 Synthesizer 
8-Bit Microprocessor 
8K-Byte ROM 
32-Byte RAM 

18 Digital 1/O Lines 


4-V to 6-V CMOS Technology for Low 
Power Dissipation 


High-Efficiency Push-Pull PWM (Pulse-Width 
Modulation) Digital-to-Analog Output Can 
Drive a Speaker Directly 


10- or 8-kHz Speech Sample Rate 


description 


ADVANCE INFORMATION documents contain 
information on new products in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 


The TSP50C40A combines an 8-bit micro- 
processor, a speech synthesizer, a 32-byte 
RAM, and a 64K-bit ROM onto one chip. 


N PACKAGE 
(TOP VIEW) 


VDD 
Osc! 
OSC2 

INIT 

Mo 

M1 
ADD1 
ADD2 
ADD4 
ADD8 
ROMCLK 
RDIN 
IRT 


Vss 


The TSP50C40A implements an LPC-10 speech synthesis algorithm and a 10-pole latice filter to generate 
speech at a low data rate. The TSP5OC40A internal processor accesses speech data from an internal and 
an external ROM (TSP60C20), decodes the speech data, and sends the decoded data to the synthesizer 
at a predetermined frame data rate. The internal processor also performs interpolations to smooth the 
transitions between frames. The output of the synthesizer can be used to drive a small speaker directly 
or can be used with an external low-power filter and amplifier. 


The TSP50C40A is characterized for operation from O°C to 70°C. 
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TSP50C40A | ADVANCE 
SPEECH SYNTHESIZER INFORMATION 


functional block diagram 


spn aphehtaitial pote cae 


—s be | = — —<—<— TS KE ee GE SEER | 
| INTERFACE LOGIC SPEECH PROCESSOR AND : SPEECH SYNTHESIZER 
INTERNAL ROM 


| | 
j oata | os 
opo-DP3¢ / 4} BUS 
4 RAM 
ES SS 
OP7-DP4.¢ — / J 8 
4 


NA1-ENA2 sk HANDSHAKE 
CONTROL 
— LOGIC 


EK... -K46 


EXCITATION 
ROM 


PROCESSOR 


mee 
& INSTRUCTION 
gee DECODER 


) EP apie RTE SSF 
BUS 


MO-M1 


> 
s) 
< 
> 
2 
OQ 
m 
2 
Tl 
fe) 
mS) 
= 
> 
=a 
S) 
2 


8-BiIT DATA BUS 


LPC-10 
LATTICE 
FILTER 


PITCH REG 


AOD1, ADD2 


aop4, apps (__Z__] 


> 


 eaRentenateeieteetentatantententastentantetet 


Bee comes cee eee es ees ee we ee ee ee ee ee ee ee es ee ee es es we ee ee es ee ee 


| 8 ADDRESS 
RCLK ' BUS 
RDIN : i a 
Ea ey a 
ROM 
Osc1 
OSCILLATOR 
MN Hocico | OR seer = 


Voo(+5 v) ———> 


LOOK-UP 


(SRS tan re, betaine ee tai 


SBihee penaenaged ava 


VeB(GND) ———> D/A CONVERTER PWM 
SPEECH DIA 
DATA 
SYS. RESET/ 
init POWER DOWN 
CIRCUIT _—_eeaeae ew eee eee ee ae ee 
Gee > ar, aah teak cies ak Wei ear ae eG webu J D/A1 D/A2 
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ADVANCE tes TSP50C40A 
INFORMATION SPEECH SYNTHESIZER 


PIN FUNCTION TABLE 


re) 


Nn _ 
= © ~N 
= 


DESCRIPTION 


ddress weight 1 output 


ADVANCE INFORMATION 


ADD2 
ADD4 
ADD8 


ddress weight 2 output 
Address weight 4 output 
ddress weight 8 output 
ata bit O (LSB) 
ata bit 1 
Data bit 2 
/O | Data bit 3 
/O | Data bit 4 


pe te oe eee 
Pore | 25 | V0 | Data bit 6 

Data bit 7 (MSB) 

PoiAt__| 27 | 0 | Noninverting digital-to-enalog converter output (PWM) SSCSC~CSCSCS 
PpIA2 | 28 | © | inverting digital-to-analog converter output (PWM) SSCS 


ENA1 Eras Input/output control of data bus (DP7--DPO). 


ENA2 17 | | Read mode (R/W high) 
ENA1: Most significant nibble of data register is sent to the data bus (DP7— DP4) while ENA11 is low. 
ENA2: Least significant nibble of data register is output to the data bus (DP3—DPO) while ENA2 is low. 
When ENA1 goes low, IRT goes high. 
Write mode (R/W) low) 
ENA1: Data already set on data bus DP7—DP4 are strobed into most significant nibble of data register 
toggling ENA1 (high-low-high). Data is latched as ENA1 goes high. 
ENA2: Data already set on data bus DP3--DPO are strobed into least significant nibble of data register 
toggling ENA2 (high-low-high). Data is latched as ENA2 goes high. 


Oo 


DP2 
DP3 


fe) 


13 
can also be masked programmed to act as an event counter input. 


fase ars Ses ROM mode control output 
Sa A. os ROM mode control output 
SR eS Sa ST a ee aad ee eee 


Oscillator output. 2.86 MHz for speech data of 8-kHz sampling and 3.58 MHz for speech data of 10-kHz 


OSC2 
sampling. Can be used with crystal, ceramic resonator, or external input to OSC2. 


STS PS ESS aa os Re eS 


RDY Ready for data input. RDY goes high as data on data bus DPO through DP3 is written into the data register. 
RDY is reset to a low level by internal command. 


eos fat oc oeetoenen ee a ee 


R/W Read/Write input. Determines direction of data bus 

R/W: When high, data transfers from data register (read). 

R/W: When low, data transfers into data register (write). | 
VoD 


ee SBR SS 5-volt nominal supply voltage 
[aie eS Se Se Substrate voltage (ground pin) 
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TSP50C40A | ADVANCE 
SPEECH SYNTHESIZER INFORMATION 


REE NY EEA STOLL EL LE PP ELIE TE BEE EP IT SNE IE LEGA EI BLOTS CETTE ATL TREE TELE, | POE LER ELE NE EERIE PM PELE NEL NN IED IT FOES GED, 
absolute maximum ratings over free-air temperature range 


Pemohrmmnne smn. ye tote nd RN a oS re as ae eta he eee -0.3Vto7V 
SE eae Wk a tenes 5, che oma Wee: Rivse ICE Ew bm bo! Woate GN ae bee —0.3 V to Vpp + 0.3 V 
PURE ERR IR ON RRM Ro SAS says os wag aE Woke WO DES ed bade? fs cay Rt ae oA -—0.3 V to Vpp + 0.3 V 
UOPOGO TOTMIOlaTUIG TANDC oo. ooo ie os Seca s Zk eau Ske ae alte wie Seo isiettk esters +40 G 10. 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds....................4.. 250°C 


T Unless otherwise noted, all voltages are with respect to Vgs. 


recommended operating conditions 


Vpp ‘Supply voltage 4 


VIH High-level input voltage 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) . 


PARAMETER 


V = 5V, | = —-1mA 
High-level output voltage DD OH 
Vop = 5 V, IoOH = 0.3 mA 


VOH 
VoL. Low-level output voltage Vpop = 5 V, lo. = 1.7 mA 
I 


Vin =V 
Vit = Vss 


Vpop = 6 V, VOH = Vpp—-90.5 V 

IOH High-level output current Vpop = SV, VOH = Vpp-9.5 V 
Vop = 4 V, VOH = Vpp—-9.5 V 
Vpp = 6 V, VoL = 0.4 V 


lot Low-level output current Vpp = 5V, VoL = 0.4 V 
Vpop = 4 V, VoL = 0.4 V 
Vpop = 5V, fosc = 3.6 MHz, 
All outputs open 


IDD Supply current 


+All typical values are at Vpp = 5 V, Ta = 25°C. 
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ADVANCE TSP50050 
INFORMATION SPEECH PROCESSOR 


D2978, DECEMBER 1986 


PRODUCT SUMMARY 


This data is excerpted from the 7SP50C50 Speech Processor Data Manual 
intended for publication in early 1987. 


High-Quality Speech J OR N PACKAGE 
(TOP VIEW) 


LPC12 or LPC10 Synthesis Algorithm 
10-kHz or 8-kHz Sample Rate 
Pitch Accuracy Better Than 0.1% at 1 kHz 


Parameter Interpolation Pitch Synchronous 
and Asynchronous 


@ On-Chip A-Law D/A Converter, 13-Bit 
Dynamic Range 


On-Chip 6th-Order Low-Pass Filter 
@® Phonetic Coding and Music Capabilities 


@ Standard 8- or 4-Bit Microprocessor 
Interface 


@ Serial Interface to TSPG60C20 Speech ROM 
@ Standard PCM Interface-to-Digital Network 
@ 4.32 MHz Crystal Oscillator 
@ 28-Pin Plastic/Ceramic Dual-in-Line Package 
@ Silicon Gate CMOS Technology 
@ Single 5-V Power Supply 
@® Low-Power Standby Mode 

description 


The TSP50C50 is a silicon-gate CMOS LSI device consisting of a speech processor, speech acquisition 
logic, PCM interface logic, analog output circuits, and microprocessor controlled interface. These functional 
areas contain features and controls that produce band-limited high-quality speech and extends the capability 
of the TSP50C50 allowing its use with a wide range of speech products. It offers specific controls for 
constructive speech synthesis and musical and telecommunication network applications. 


The TSP50C50 is characterized for operation from O°C to 70°C. 


ADVANCE INFORMATION documents contain ° Copyright © 1986, Texas Instruments Incorporated 
information on new product in the sampling or 43 
preproduction phase of development. Characteristic 
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TSP50C50 ADVANCE 


SPEECH PROCESSOR INFORMATION 
functional block diagram 
OSC-I OSC-O C7-CO A1,A0 CE STR R/W 
8 
2 
GENERATOR CONTROL 


STATUS REGISTER INT 


BUSY 
INITIALIZATION REG 
CONTROL REGISTER 
SERIAL ROM 
vicina’ taiy SPEECH REGISTER 
SRCK SRST SRDT 


ROM SPEECH BUFFER REGISTER 
CONTROL 


SPEECH ACQUISITION CONTROL 
PROCESSOR PARAMETER BUFFER 


PCM INTERFACE D/A CONVERTER ee LOW-PASS FILTER 


NOILVINYOSANI JONVAGV 


mamoogmao 


LOGIC 


7 


AS 
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ADVANCE TSP50C50 
INFORMATION SPEECH PROCESSOR 


PIN FUNCTION TABLE 


ANG 20 wee 2.5 V analog ground. May be used to polarize an external speaker or to filter parasitic ground noise. 


AS 19 Analog speech (filtered audio) output. Output is suitable for driving a low-power audio amplifier or a low-power 
speaker. 


Register address inputs. Used in conjunction with R/W to define the function of the registers. 


Al 


3 
BUSY ea Ge Busy output. When high, indicates that the interface is busy and a write strobe cannot be accepted. 


CE 2 Chip enable input. When high, CE disables read and write. When low and strobe is low, CE enables read 
and write. 
CoO 12 


Data input/output 


Hardware clear input. When high, disables the low-power standby mode and enables the crystal oscillator. When 
low, stops the crystal oscillator, sets the register address to nonoperating state, sets the INIT register to the 
all-high default value, and enables the low-power standby mode. 


INT 26 Interrupt output. When low, indicates that a condition exists in the TSP50C50 that requires immediate action by 


the microprocessor. 
OSC-0 - 13 
OSC-1 14 


PCK 
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TSP50C50 | ADVANCE 


SPEECH PROCESSOR INFORMATION 
absolute maximum ratings over free-air temperature range (unless otherwise noted) 
# Siipoly- Wolcdae <7 tare toe teh) ee cnett on eee oe a ay a dw Oe we SOR EE -O0.3Vto7V 
es PAS EUETISE, SEEMS cE DJ is no oe Rw vee Sch in ecg ene ewan ae -—0.3 V to Vpp +0.3-V 
* a en RL PUR EL Boe meg) fp ein eg ewig ani Pest ago s shew ane em ee —0.3 V to Vpp + 0.3 V 
: Operating trag-air temporature range |: wa a aN a ee wee —§5°C to 150°C 
*, Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................4.. 260°C 


NOTE 1: All voltages are with respect to Vss. 


recommended operating conditions 


PARAMETER 
Vpp_—— Supply voltage 


OSC/input 
All others 


ViIH High-level input voltage 


OSC/input 


V Low-level input voltage 
IL P 9 All others 


NOILVINYOSANI AODNVAGV 


‘és OSC/I input 
i CO-C7 inputs V; = Vss to Vpp 
All other inputs 


Vpp = 5 V,_ All outputs open, 
IDDistb Standby current Vi = Vss—0.5 V to Vgg+0.5 V 


—e 
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TSP5110A 
VOICE SYNTHESIS PROCESSOR 


D2976, NOVEMBER 1986 


PRODUCT SUMMARY 


This data is excerpted from the 7SP5770A Voice Synthesis Processor Data Manual 
intended for publication in early 1987 


@ LPC-10 Pitch Asynchronous Synthesis 
Algorithm 


N PACKAGE 
(TOP VIEW) 


On-Chip Oscillator and Clock Generation 
Direct Drive for 50-0 Speaker 


Simple Control Interface for 4-Bit 
Microcomputers 


description 


The TSP5110A is a PMOS Voice Synthesis 
Processor. Speech is synthesized by processing 
an externally provided variable data-rate bit 
stream of encoded speech data and converting 
the result to an audible output with an on-chip 
eight-bit digital-to-analog converter and push-pull 
amplifier. The TSP5110A outputs all control 
signals necessary for direct control of the 
TSP6100 vocabulary ROM. Control of the 
TSP5110A is provided by an external device 
(e.g., TMS1000) through four control pins and 
a command clock. 


NU—Make no external connection 


The TSP5110A is characterized for operation 
from O°C to 70°C 


functional block diagram 


PDCLK 2 


(25) 
cht COMMAND 
CTL 2 LOGIC 
(20) 


7 


ts 


(11) 
SPEAKER 1 


CTL4 (27) 
CTL 8 


TSP6100 
INTERFACE 
LOGIC 


SYNTHESIZER 


Gyac: 


TIMING 


DIGITAL TO 
ANALOG 
TRUNCATION 
LOGIC 


DIGITAL TO 
ANALOG 


CONVERTER 
AND 
AMPLIFIER {(12) 


SPEAKER 2 


(3) 
ROMCLK 


4 
at CPUCLK 
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Speech Synthesis C 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard wera: Production processing does not 
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TSP5110A 
VOICE SYNTHESIS PROCESSOR 


PIN FUNCTION TABLE 


DESCRIPTION 


ontrol output to TSP6100 or read data bus input (LSB) 
ontrol output to TSP6100 or read data bus input 


are Te 
Gipsaawen se 
[Transfers data to TSP6100 controlinput————SSS—*SY 
Load address to TSP6100 control inputs 


lock output for CPU (320 kHz) 
Chip select input 
Transfers data to TSP6100 control input 
Load address to TSP6100 control input 

NU 6 
NU 
NU 
NU 
NU 
NU 
NU 
NU 
OSC 
PDCLK 
ROMCLK 
SPEAKER 1 
SPEAKER 2 
TEST 
VDD 
V 


—i ew 
PLO) MO] | Wino 
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TSP5110A 
VOICE SYNTHESIS PROCESSOR 


absolute maximum ratings over free-air temperature range 


SUD ValLene ranag. Wht) (SOG 11s ls aco ke ed Hee v2 Gs hs es ae ww -—15:V.to 0.3: V 
VOR BE RUOC OBE COMICGOIINE ooh core soa ae cca Ee ean eS ee eee Se ees -15Vto0.3 V 
Onerating trec-air femiperature tange | 3. os. os Ree he a a ee a eee 0°C to 70°C 
SOUL TETRA aD INN ok gy Soe yok ke ea hie oe a a te ge EER ae tale Be —30°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................e200% 260°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating conditions 


ee ee oe 


anion eee ee ee 

a iamamase. ee ee 
for ymmehe meee ee 

0 70 [| °C 


electrical characteristics over recommended operating free-air temperature range, Vpp = —9 V 


PARAMETER TEST CONDITIONS MINt tTypt MAXT | UNIT 


ROM CLK, CPU CLK, : 
Vou High-level output voltage aided a 
ADD1 thru ADD8 
oh =3 


\ Ba a 
Low-level input current esi 
IDpD Supply current All inputs and outputs open Rees eS 


P Power output to speaker 100 Q speaker load, 50 2 each output 30 


TThe algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in the data sheet for logic 
voltage levels only. 
+All typical values are at Ta = 25°C, 


V 
: 
“evel v 
Oo 
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PRODUCT SUMMARY 


Pitch-Excited LPC-10 Synthesis Algorithm 


Choice of 4-kHz or 5-kHz Voice Input 


Bandwidth 


@ Low Data-Rate Range . 
1700 bps 


. . 1000 to 


On-Chip 8-Bit Digital-to-Analog Converter 


TTL-Compatible Inputs and Outputs 


Compressed Voice Data Input Through 
Either 8-Bit Control/Data Bus and FIFO for 
Controller-Supplied Speech Data or Serial 


TSP5220C 
VOICE SYNTHESIS PROCESSOR 


D2960, SEPTEMBER 1986 » 


This data is excerpted from the 7SP5220C Voice Synthesis Processor Data Manual 
intended for publication in early 1987 


N PACKAGE 
(TOP VIEW) 


ADD1[]2 27|_] W 
ROMCLK []3 26, | D1 
VopLj4 25| | ADD2 
Vssl{[5 241] D2 
OSC | |6 23] | ADD4 
SYNC []7 22| | D3 
SPEAKER | |8 21} | ADD8/SERIAL IN 


Interface for Use with TSP6100 Custom- 


Masked Speech ROMs 


description 


SERIAL OUT []9 
PROM OuT[J10 


REF[]11 18] ] READY 

D5[}12 17> INT 

D6[}13 16f]M1 
MSB D7[]14_ _15f]} MO 


The TSP5220C is an LPC-10 voice synthesis 
function ona chip. A flexible interface structure 
allows a choice of storage media for the 


compressed model data 


and 


simple 


microprocessor selection of the spoken phrase or transfer of the data representing that phrase. For best 
performance, an external low-pass filter should be used between the TSP5220C and the audio amplifier 


or speaker. 


The TSP5220C is characterized for operation from O°C to 70°C. 


functional block diagram 


=| mI 


CPU 
/0 
CONTROL 


7 


2 
ROMCLK = 
= 
SYNC O 
a 


© 
AL 
” 
© 
ADD1, ADD2 = 
STATUS we ADD4, ADD8 = 
DO-D7 MEMORY aes ” 
DATA CONTROL e 
M1 © 
DATA . 
2 DIGITAL a 
16-BYTE SPEECH TO SPEAKER 
FIFO SYNTHESIZER ANALOG 
BUFFER CONVERTER 
SERIAL OUT 
PRODUCTION DATA documents contain information , Copyright © 1986, Texas Instruments Incorporated 
— as of cocmlge aes date. 4 seca conform to Ti ay 
specifications per the terms of Texas Instruments 
stamlerd vorrant . Production processing does not EXAS 7-15 
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TSP5220C 
VOICE SYNTHESIS PROCESSOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


RE RT WAR TRA iF as yy aaa a caw ann RO Oe -15Vto0.3 V 
eal hr Sine; eo) ) 7. UT Bee CaaS ec Oy: ie Sen ia inate he AS, SSID ei Cee Cr 600 mW 
CORT EITC) SVU aE TOTTIIOTORO Ona on os oa ee, ee ORS ES Se ew orp 0°C to 70°C 
WrtOhAGS THMpOramrerrene 8. eck he gs Wee ae a Ee eR Eee ee —40°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................05. 260°C 


recommended operating conditions 


0 70 


NOTES: 1. Pull-up resistors are provided on all data and select inputs. This permits direct drive from TTL-compatible devices. 
2. The algebraic convention, in which the more positive (less negative) limit is designated as maximum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full range of recommended operating conditions 


PARAMETER TEST CONDITIONS MIN MAX 


[Vor towiovel ouput votage [OOBZ-WARNT 1 to = 18 mA teat 0.8 Vat t0.8) 
VoL Low-level output voltage Vv 
iret Supply current from Vref eee Note 3) TSCSC~*~dESC(‘#CSSC“S-5'| mA_| 
Tipp Supply current from Vpp (see Note 3) SOSOSCS~—SC—~SSSSCSC“‘~“‘“‘“~‘“‘<“<~sS*S:C(C*~—T 8 mA 
C;___Input capacitance, exceptdatabus———SSOS~—s—C—SsSYSSC‘;*~* 


TTypical values are at Vss = 5 V, Vpp = —5 V, Ta = 25°C. 
NOTE 3: Currents out of a terminal are considered to be negative. lref and I[pp are sourced from the current into terminal Vsg (Iss). 


SRO SS 
Sr aes 300 


7-16 | TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


~ -TSP5220C 
VOICE SYNTHESIS PROCESSOR 


TYPICAL APPLICATION DATA 


ANALOG OUTPUT 


TMS7040 


B3-B7 


21 PORTS 
AVAILABLE 
FOR 
USER 
EXT INT / 
FIGURE 1. TSP5220C SYSTEM USING TSP6100 STORAGE FOR SPEECH DATA 2 
a 
oO 
— 
O 
a 
” 
® 
when 
ad 
S 
> 
” 
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PRODUCT 
PREVIEW 


PRODUCT SUMMARY 


This data is excerpted from the 7SP60C20 Read Only Memory Data Manual 
intended for publication in early 1987. 


@® 256K-Bit ROM (Internal Organization 


16K x 16K Bits) 


® On-Chip Address Register with Automatic 


incrementing Feature 


@ Parallel Port (4- or 8-Bit Format, User 


Controlled) 


@® Address/Data/Control Compatible with 


Memory-Mapped Systems 


@ Serial Port for Interfacing with Speech 
Synthesizers or Other Application Requiring 
Decoding of Variable Length Codes or Data 


@ Standby Mode for Very Low Power 


Consumption 


@ On-Chip Table Lookup of Address (Indirect 


Addressing) 
@® TTL and MOS Compatabile 


description 


TSP60C20 
READ-ONLY MEMORY 


D2998, JANUARY 1987 


LL 
> 
LL 
N PACKAGE A 
(TOP VIEW) 
Voo C1 U2sf] nc 5 
Vss L]2 27{.] TEST + 
HCL Is 26| | MPMODE 
STR [ Ja 25, | M1 Q 
RW [1s —2al:] MO © 
CS {le —23 ] SRCK cc 
AO [}7 22] | SRDTD Oo. 
A1[]s 21. ] SRDT 
A2 | }9 20] | BUSYWIRE 


CO{}10 19] |] BUSY IN 
C1 []11  18{ ] BUSY OUT 
C2 icfi2-—- 127 
C3[}13 167 })C6 
C4[}14 15f]C5 


NC—No internal connection 


The TMS60C20 is a 256K-bit ROM fabricated in CMOS technology for low operating and standby power 
consumption. The design is optimized for the data storage requirements of synthetic speech systems. Low 
cost and high density are maximized by increasing access time. 


The TMS60C20 is characterized for operation from —40°C to 80°C. 


PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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TSP60C20 PRODUCT 
READ-ONLY MEMORY PREVIEW 


functional block diagram 


INTERNAL 
CLOCK 
GENERATOR 


MPMODE SERIAL 
ROM 
ee TO LOGIC AND 
COMMAND SEQUENCE CONTROL 
om DECODE 


SRDT 
SRDTD 
OUTPUT 
8 6 16 
=p 8 pies 8 1 16 L aT A 256K 14 
C7-CO 


ADDRESS 
REGISTER 
COUNTER 


EN 
WRITE FROM SERIAL 
ROM COMMAND 


Wie) LOGIC AND 
A2 CONTROL SEQUENCE 
CONTROL 
Al eo 
AO 
CHIP 
R/W SELECT 
STR * ome 
BUSY IN 
BUSY OUT .?) 
BUSYWIRE 
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PRODUCT TSP60C20 
PREVIEW READ-ONLY MEMORY 


PIN FUNCTIONAL DESCRIPTION 


Al 


ae 
BUSY IN 
BUSYWIRE 
cs Chip select 
co 
CI 
C2 


Read/Write input 


Input strobe 


Serial data input 
Serial data input delayed 
Clock input 


Test enable 


Vss 


absolute maximum ratings over free-air temperature range 


muy. VOltabe:- Vn, (eee NOte-1) fH. 6 Gide oe ei vB Uk lew ob ee wee eo wR -0.3Vto7V 
Pier, Sn CLR eo i ane oi aan) duane wad a Sak ae ee ohn een tae Pe —0.3 V to Vpp + 0.3 V 
Peete OMT UI oo ahs a a eo ind a re Ok ee ee ee ea —0.3 V to Vpp + 0.3 V 
Operating trae-air temperature fande i... a SS ee ee ie a bale ob doe wees — 40°C to 80°C 
PRU POLLO: VINCI 2 te yo dae wk oe Poe ee On eae a - 55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................0006- 260°C 


NOTE 1: All voltages are with respect to Vss terminal. 


recommended operating conditions 


PB ee i en oe ee OE 
Supply voltage, Vpp Vv 


ae eee ee 
etek er ee 
wae | ee 
100 900 | KHe | 
=40_ 
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TSP60C20 | es | PRODUCT 
READ-ONLY MEMORY | PREVIEW 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS | MIN | MAX | 


| = -4 ‘ 

VOH_ High-level output voltage OH ered i a VDD V 
IOH = —100 pA Vpp-9.5 Vpp 

VoL Low-level output voltage Vpp = 4.5Vto5.5V, Io_ = 1.6 mA Dw See Ss ea 


Standby 
Icc Supply current - BUSYWIRE open, See Note 2 mA 
Operating 


NOTE 2: These limits apply with all inputs between O and 0.5 V or Vpp — 0.5 V and Vpp. For TTL levels, standby supply current will 
increase significantly in the input buffers. 


timing requirements 
tw Pulse duration, strobe low 


tsu Setup time, C7-CO high or low before strobe! 
tsy2 Setup time, A2-AO high or low before strobe! 
tsu3 Setup time, M1 high or low before strobe 


teyd Setup time, R/W high before strobe! ener 9 


teu5 Setup time, R/W low before strobe | 
Hold time, data valid after strobe 


th1 
th2 Hold time, R/W high after strobet 
h3 


t Hold time, R/W low after strobet 
% Transition time (see Note 3) 


NOTE 3: Transition time is defined from the 10% point to the 67% point for the rise time and from the 90% point to the 33% point for 
the fall time. 
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TSP6100 
CUSTOM MASKED ROM 


D2974, NOVEMBER 1986 


PRODUCT SUMMARY 


This data is excerpted from the 7SP6700 Customed Masked ROM Data Manual 
intended for publication in early 1987 


128K Bits of Serially Accessed Speech Data N PACKAGE 
(TOP VIEW) 


One-of-16 Chip Select Decode Plus Optional 
External Chip Select 


@ Auto Incrementing Address Counter 
(Presettable by TSP5220C or TSP5110A) 


@ Built-In Indirect Addressing Logic 


description 


The TSP6100 is a 128K-bit serial-interface 
masked ROM that provides economical speech 
data storage for TSP5220C- or TSP5110A- 
based speech systems when production volume 
warrants masking. The TSP6100 is designed for 
direct connection to the TSP5220C or 
TSP5110A ROM ports and takes advantage of 
several special ROM setup instructions provided 


in these devices. No connection of the TSP6100 NC—No internal connection 
to the rest of the speech control system is 
needed. 


The TSP6100 is characterized for operation from 
OFC to-70FC. 
functional block diagram 


uc Ce 
as ! ) 


7 


CHIP 
SELECT 


CLK 
MO 


(14) LOGIC in 
nee TIMING = 
ADD1 CONTROL 2 
ADD2 — 
ROM 
5 
app4 = [_>_] ADDRESS ARRAY CUTPEEE 0 
16384 x 8 BUFFER ” 
ADD8/DATA ( x 8) = 
® 
<= 
bet 
= 
READ AND > 
BRANCH CONTROL “” 
co. 
Oo 
OUTPUT CONTROL 4 
a. 
” 
PRODUCTION DATA documents contain information Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to | 
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TSP6100 
CUSTOM MASKED ROM 


PIN FUNCTION TABLE 


ee rar ee 
5s SRE S ET 
ae 


i 


i eae 
CLK 


Chip Select input 


Mode Select O input 
Mode Select 1 input 


7 No internal connection 


SNS] OO] o 


o 
=19) 
O}W 


= 
=—|O 
anh | end 
_ 


2 
8 
9 
12 
15 
16 
17 
18 
19 


NO NM NM NY NH 
WN — Oo 


— 10-V supply voltage 
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TSP6100 
CUSTOM MASKED ROM 


absolute maximum ratings over operating free-air temperature range 


Voltage -gonueu-to-any nin -te0e: Note 1) che eee eee ne ae pe is We -15 Vto 0.3 V 
SG Wine tee TIE WES) Gate Sok ee tec soe eck ye ee a ee on eee ek a -15Vto0.3 V 
Operating: Trad-airteniporoture Wanda ss. s ci spc ee sk ccd hs ene kes Swe oes O°€ to 7026 
DORAEG SOM a eESEIOLG <<. scp nh ase ae hoe cae eed oa aa a ares A eh a —30°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................22. 260°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating characteristics 


Se et ee ee ee 


Drain supply voltage -8.3 - 10.5 


Vpp i 
wii a a ee 
= Ves 

VIL : 

A 


Low-level input voltage Vpop -—4 
+ Operating free-air temperature 0 70 


TThe algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in the data sheet for logic 
voltage levels only. 


electrical characteristics over recommended operating free-air temperature range, Vpp = —10 V 
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Alphanumeric Index 


Selection Guide ae : 


aN 


Cross-Reference Guide 
Data Sheets 


Cross-Reference Guid 
Data Sheets 


ss 


Cross-Reference Guid 
Data Sheets 


POWER DISSIPATION DERATING CURVES 


plastic ‘’small outline’’ packages 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 


DW (24 Leads) = 
aoe DW (20 Leads) 
» ore 


DW (16 Leads) 


Pp — Maximum Continuous Dissipation—mW 


ak 
me 
we 
ie 
ie 
a 
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Ee 
aA 
Be 
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Ta—Free-Air Temperature— °C 
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POWER DISSIPATION DERATING CURVES 


leadless ceramic chip carrier and flat packages 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 


a 
Aira 
PETS 


Pe 
ise 
tater, 
es See 


/ 4 
U (10-14 Leads) 


rey 3 


Pp — Maximum Continuous Dissipation— mW 
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Ta —Free-Air Temperature — °C 
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POWER DISSIPATION DERATING CURVES 


plastic chip-carrier packages 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 
2000 


1400 


1200 


1000 


800 


600 


Pp — Maximum Continuous Dissipation— mW 


400 


200 


A 


Ta—Free-Air Temperature— °C 


Derating Curves 
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POWER DISSIPATION DERATING CURVES 


ceramic dual-in-line packages 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 


1000 


er mes kW 
Leiter ne) 
Tava 
JG (Glass-Mounted Chip) 
IN = 
aa SAR 


35 45 55 65 75 85 95 105 115 


125 


900 
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Pp — Maximum Continuous Dissipation —mW 
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Ta —Free-Air Temperature— °C 
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POWER DISSIPATION DERATING CURVES 


ceramic packages — side-braze 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 


Pp — Maximum Continuous Dissipation—mW 


” 
® 
> 
he 
Ta —Free-Air Temperature — °C = 
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POWER DISSIPATION DERATING CURVES 


plastic dual-in-line packages 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 


Pp — Maximum Continuous Dissipation —mW 


Ta —Free-Air Temperature — °C 


0 
® 
-— 
© 
=. 
| 
ra) 
© 
c 
= 
< 
© 
” 


ee | Texas W 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


POWER DISSIPATION DERATING CURVES 


plastic dual-in-line packages (continued) 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 
2800 
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s POWER DISSIPATION DERATING CURVES 


plastic power tab packages 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. 
Those ratings apply up to the temperature at which the rated level intersects the appropriate derating curve 
or the maximum operating free-air temperature. 


DISSIPATION DERATING CURVES 


KV (15 Leads) 
KC, KH, KV (5 Leads) 


Pp — Maximum Continuous Dissipation— mW 


ed 
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Ordering Instructions 


Appendix B_ Mechanical Data 
IC Sockets 


B-1 


ORDERING INSTRUCTIONS 


Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) 
listed in the page heading regardless of package. The availability of a circuit function in a particular package 
is denoted by an alphabetical reference above the pin-correction diagram(s). These alphabetical references 


refer to mechanical outline drawings shown in this section. 
Factory orders for circuits described in this data book should include a four-part type number as explained 


in the following example. 
EXAMPLE: TL 4066M J /883B ® 


8, ORE Ld Sekar alee er aca eee 


MUST CONTAIN TWO OR THREE LETTERS 


Sk iss 8s Tl Special Function or Interface Products 
MR te te he ees Tl Linear Products (excluding Interface) 
Me ee sek cate Tl Linear Silicon-Gate CMOS Products 


Speech Products 


MO aS ope a aoe Oe pe ee 
STANDARD SECOND-SOURCE PREFIXES 

|. a ae Analog Devices 5 Se aah ome gs Signetics 
ES aes ce de ee ADM Bea eit lee ses Fairchild 
Be itaie antics Shute wil National CT eS ata Scenes Sprague 
OS Gn Pe pte tae ee aa SGS SOE fs links Wr a Sprague 
|, Se Motorola Be 5 cts Sia es Sprague 


NOTE: Due to size limitations of the 8-pin D package, some devices in this data book 
use abbreviated symbolization. Example: The TLC549CD becomes ‘549CD. 


Unique Circuit Designator Including Temperature 
Range (If not already specified by the prefix) 


MUST CONTAIN ONE TO EIGHT CHARACTERS 
(From Individual Data Sheets) 


Examples: 4 533AM 
293 65554 
607M 75ALS194 


MUST CONTAIN ONE OR TWO LETTERS 
DD. FD, FH, FJ, PRK, EN, J,.dD,.J3G, KC; KA, KV,.N, P,.U, W 
(From Pin-Connection Diagram on Individual Data Sheet) 


4. ( MIL-STD-883B, Method 5004, Class B 


OMIT/883B WHEN NOT APPLICABLE 
Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by 
the customer (with possible additional costs), circuits will be shipped on the most practical carrier. 


(D,DW,J,JD,JG,N,P) Chip Carriers (FD,FH,FJ,FK,FN) Power Tab (KC,KH,KV) 
—Slide Magazines — Anti-Static Plastic Tubing — Sleeves 


— A-Channel Plastic Tubing Flat (U,W) 
— Barnes Carrier — Barnes Carrier 


—Sectioned Cardboard Box — Milton Ross Carrier 


— Individual Cardboard Box 
EXAS ti ae 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


© 
eer) 
is) 
QO 
ro 
2 
& 
© 
& 
oO 
® 
2 


» +! - __ yy . - Ss & as e ae 
te Ea LS a3 bi = "a z > : = C 
af ‘ 1 , ‘ 
y r ? }! y "fs y 
ye “ Py y 1 i ¥ 
ms ¥ : . eS ae , 
. - 7 ‘ * 
.' 4 = 
7 idea Te . i + .* 
j j ihe " x i - 
Tot Pe See 
5 Tas ‘ ? : ’ : 
4 em . : 
as ‘ } : \ 
ely wAL M4 " . 
na '% 4 ” * ' 
ie, 
bs 
eee ley | : : 
j WD Soa : 
~ ’ ~~“ - 
é y - , ’ < . ‘ « 
S 3 ” oe / e ¥ ~ 
’ 4 é e bi) = 5 
- i fy§ - 
ee 
eye =r - ' Mi 
eS 4 
~ , ' 
+571 A 
r} a i‘ 
eu / : - 
et i Y 
. eo ’ 
f ae 
* ; “ 
ae . v ’ 
7“ r 
Ws 5 
ia ~ 
~ * 
es - 
ae 2 \ 
~ +, ~ a” 4 
¥ rcs) J 
a4? . 
. hd 
1 ‘ 
‘ +o aes 
i — 
fat rae srs 
Nici nt 
we 
ee Ae) 2 > | ~ 
Sr 
pers 5 . 
Sie kc ; 
se i + + ; 
Mo bs “ 
4 1 =) - 
ia 


a 

ae 
ee 
= 


X 
pe eT: 


* 
> 
se 
“ 
ti 
bye 


¢ » 

3 
r : 
a0 


» 
7 
- 


me: 
a I no 

Sie 
m SEE 


~ 


= 
Aer 


» 
r 
« 
> 


be 
FS 
‘Sis 
1; 
' 
ore 


= J 
iy S ‘ { 
pet C : ou 

ath ie : J 
(® z we my 
f fn . # 
i ts : : 
f pi . 7 a oe 
; 


» 
wee 
& 
4 
~ 

" 
rr o3 
es 


D plastic ‘’small outline’’ packages 


MECHANICAL DATA 


Each of these ‘’small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 


D PLASTIC PACKAGE 
(16-pin package used for illustration) 


6,20 (0.244) 

5,80 (0.228) 
4,00 (0.157) 
3,81 (0.150) 


5,21 (0.205) 
3 0,50 (0.020) pe eet a eres 
1,75 (0.069) Perera ep Poe 4,60 (0.181) 


1,35 (0.053) 0,25 (0.010) 


0,203 (0.008) 
0,102 (0.004) 


0,79 (0.031) 


0,28 (0.011) PIN SPACING 
1,27 (0.050) 
(See Note A) 


0,457 (0.018) 7° NOM 
0,356 (0.014) 4 PLACES 


[5.00 | 8.74 | 10,00 
70.1977 | 10.344) | 10.394) | 


0,229 (0.0090) 


0,190 (0.0075) 


4° +4° 


1,12 (0.044) 
0,51 (0.020) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 


B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder. 
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MECHANICAL DATA 


DW plastic ‘’small outline’’ packages 


Each of these ‘’small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 


DW PLASTIC PACKAGE 
(20-pin package used for illustration) 


A 


10,65 (0.419) 
10,15 (0.400) 
| 


7,55 (0.297) 
7,45 (0.293) 


7° NOM 
2,65 (0.104) 4 PLACES 3 “as 
6 (0.338 


2,35 (0.093) 0,5 (0.02) x Bh 


0,30 (0.012) x oe 0,490 (0.019) , ee is 7° NOM 
BIG IEOOS) 0,350 (0.014) 0,320 (0.013) 4 PLACES 
0,785 (0.031) 0.785 (0.031) 0,230 (0.009) 1,27 (0.050) 


0,585 (0.023) 0,40 (0.016) 
an 27 (0.050) TP (See Note A) 


[i016 | 12,70 | 1820 | 17.68 | 
[70.4007 | (0.500) | 10.602) | (0.696 | 
1036 | 12,90 | 15.49 | 17.88 | 
[70.4087 | (0.508) | 10.610) | (0.7041 | 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


tThe 28-pin package drawing is presently classified as Advance Information. 

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder. 
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MECHANICAL DATA 


FD and FK leadless ceramic chip carrier packages 


Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-inch) 
centers. Terminals require no additional cleaning or processing when used in soldered assembly. 


FK package terminal assignments conform to JEDEC standards 1, 2, and 11. 


44-TERMINAL FD and FK 


-A 


. FD AND FK PACKAGES 


_}_28 27 26 25 24 23 22 21 20 19 18 TERMINALS 
8,69 9,09 9,09 1,63 2,03 
(0.342) (0.358) (0.064) (0.080) 


11,23 11,63 11,63 1,63 2,03 
(0.442) (0.458) | (0.458) | (0.064) (0.080) 


18,78 19,33 | 14.22 | 208 3,05 
(0.739) (0.761) (0.082) (0.120) 
23,83 24.43 | 2189 | 208 3,05 
(0.938) (0.962) (0.082) (0.120) 
28,83 2959 | 27.05 | 208 3,05 
(1.135) (1.165) | (1.065) | (0.082) (0.120) 


16,26 16,76 14,22 1,75 3,05 
(0.640) (0.660) | (0.560) | (0.069) (0.120) 


INDEX CORNER 


0,64 (0.025) 
0,32 (0.015) 


2,41 (0.095) ¥ 0.64 (0.025) 
1,91 (0.075) 0,38 (0.015) 
Ke 


0,635 (0.025) TYP 


0,635 x 1,27 
(0.025 x 0.050) 


TYPICAL 
35 PLACES 
(See Note A) 


0,38 (0.015) TYP 1,14 (0.045) 
i 0,89 (0.035) 


1,14 (0.045) 


0,381 (0.015) R 0,89 (0.035) 
0,076 (0.003) 


0,56 (0.022) 


Mechanical Data 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: The checkerboard pattern is aligned vertically with the contact pads and is symmetrical horizontally as shown; it is applicable 
to some 44-terminal packages only. 
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MECHANICAL DATA. ADVANCE 
INFORMATION 


‘a FJ ceramic chip carrier package 
(44-pin package used for illustration) 


INDEX MARK 
(OPTIONAL) 


1,09 (0.043) 


oO ep le 
0,84 (0.033) 
TOP VIEW , 


134 


0,64 (0.025) 
0,38 (0.015) 


1,47 (0.058) 
1,07 (0.042) 


Maas 


0,38 (0.015) MIN 


}¢-+- 1,27 (0.050) NOM 
1F—4P-SP-TP-TP TPA F 0.28 cea 


0,18 (0.007) 


2,16 (0.085) 


LID 
1,65 (0.065) _ 0,38 (0.015) 


0,13 (0.005) 


0,89 (0.035) 
0,64 (0.025) 


BOTTOM VIEW 


0,56 (0.022) 
0,31 (0.012) 


=. 15 7a. a5 =. +e. a5 oo 5 RAD 
1,27 (0.050) - 0,89 (0.035) 3,05 (0.120) 
0,76 (0.030) 0,25 (0.010) 0.64 (0.025) 2,54 (0.100) 


® 

© 

_. 
® 

=, 
i?) 3 PLACES 
» 

Oo 

® 

~-> 

o® 


17,78 16,28 16,74 12,57 12,88 15,49 16,51 1,52 2,03 
(0.700) | (0.641) (0.659) | (0.495) (0.507) | (0.610) (0.650) | (0.060) (0.080) 
25,40 23,88 24,51 20,19 20,52 23,11 24,13 1,91 2,41 
(1.000) | (0.940) (0.965) | (0.795) (0.808) | (0.910) (0.950) | (0.075) (0.095) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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ADVANCE INFORMATION 


MECHANICAL DATA 


FN plastic chip carrier package 


Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 


FN PLASTIC CHIP CARRIER 
(28-lead package used for illustration) 


4,50 (0.177) 
424 (0.167) 


2,79 (0.110) 

1,22 (0.048) 460 2,41 (0,095) 
1,07 (0.042) 1,35 (0.053) . ago 0,94 (0.037) 
1,19 (0.047) ~~ 0,69 (0.027) 


C (AT SEATING PLANE) 


1,27 (0.050) T.P. 
(See Note B) 


B 
1, (See Note Al ES SEATING PLANE 
=e (See Note C) 


JEDEC NO. OF 
OUTLINE TERMINALS 0,81 (0.032) 
9,78 10,03 8.89 9,04 7.87 8,38 0,66 (0.026) ie, 


(0.385) (0.395) (0.350) (0.356) (0.310) (0.330) 1,52 (0.060) MIN 


ee 12,32 12,57 11,43 11,58 10,41 10,92 
3 
oaarie 17,40 17,65 16,51 16,66 15,49 16,00 0,64 (0.025) MIN 
(0.685) (0.695) (0.650) (0.656) (0.610) (0.630) 0,51 (0.020) ek 


eae ai aa 0,25 (0.010) | 1. 


0.485) (0.495) _| (0.450) _ (0.456) _| (0.410) _(0.430) 
GH 2602 -, 28.27. | 24,18 20.93 | 23.4% 23,02 03610014) "|" 
(0.985) _ (0.995) _| (0.950) _(0.956) | (0.910) _(0.930) LEAD DETAIL 
30.10 30,35 | 29.21 2941 | 27.69 28,70 
-047AF 
= (1.185) (1.195) | (1.150) (1.158) | (1.090) (1.130) 


All dimensions and notes for the specified JEDEC outline apply. 


A) 
~~ 
3°) 
Q 
| 
2 
oe 
is] 
A wg 
O 
® 
= 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Centerline of center lead on each side is within 0,10 (0.004) of package centerline as determined by dimension B. 
B. Location of each lead within 0,127 (0.005) of true position with respect to center lead on each side. 
C. The lead contact points are planar within 0,10 (0.004). 
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MECHANICAL DATA 


FT CERAMIC FLAT PACKAGE 
(48-LEAD FT) 


20,2 (0.795) 
19,8 (0.780) 


14,2 (0.559) 
13,8 (0.543) 


19,4 (0.764) 
18,6 (0.732) 


INDEX MARKSt 


16,0 (0.630) | 
estat 2,10 (0.083) 
15,6 (0.614) | an one 
seating — eT 
' Si 1 | 
0,20 (0.008) PLANE 0,8 (0.031) T.P.. 3 ! 
vice ini aspraces 1 |} 0,45 10.018) STi o eoga 
2,30 (0.091) MAX 0,25 (0.010) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


TThere are two versions of the 48-lead FT package that differ in the position of the index mark in the top view. In one version, the mark 
is near lead 3, in the other version, it is near lead 46. Consult the individual data sheet to see which applies for a particular device type. 
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MECHANICAL DATA 


J ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


14-PIN J CERAMIC 


19,94 (0.785) 
19,18 (0.755) 


®0QO0GOO, 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 
7,11 (0.280) 
6,22 (0.245) 
1,78 (0.070) MAX 14 PLACES 
1,27 
(0.050) NOM 


5,08 (0.200) 
MAX 


— SEATING PLANE 
105° 
90° 
14 PLACE 
lat 
0,36 (0.014) 3,30 (0.130) 


0,20 (0.008 MIN 2,54 (0.100) 
: 1,78 (0.070) PIN SPACING 2,54 (0.100) T.P. 


(See Note A) 


14 PLACES 


4 PLACES 


SEALANT 


0,69 (0.027) MIN 
14 PLACES 


i 0,58 (0.023) 
> 0,38 (0.015) ‘4 PLACES 


Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


J ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘’bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


16-PIN J CERAMIC 


19,94 (0.785 
19,18 (0.755) 


eee as tiene 


0,63 (0.025) R NOM 
7,87 (0.310) 
7,37 (0.290) 
7,11 (0.280) » 


6,22 (0.245) AOA@OOOOO® 


1,27 (0.050) NOM 1,78 (0.070) MAX 16 PLACES 


A GLASS 
5,08 (0.200) SEALANT 


MAX YL 


0,51 (0.020) 0,69 (0.027) MIN 
12 PLACE 
16 PLACES ~ P 


fd aSe eee 3,30 (0.130) 0,58 (0.023) 
“= 0,20 (0.008) MIN 0,38 (0.015) 
16 PLACES 16 PLACES 

0,305 (0.012) MIN 


oe 1,27 (0.050) 
PIN SPACING 2,54 (0.100) T.P. 038 (0.015) 4 PLACES 
(See Note A) Cites 


@ For memories of 64 bits and up, a few MSI/LSI products in Series 54/74 and Series 54S/74S that are 
derived from memory circuit bars, and complex HCMOS parts, this maximum is 7,62 (0.300). All other 
dimensions apply without modification. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


J ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


18-PIN J CERAMIC 


peers 23,1 (0.910) MAX eas 
OOO Oe OO’ 


7,87 (0.310) 


7,37 (0.290) 83 (0.025) R NOM—~ 4 


7,62 (0.300) 
6,22 (0.245) 


OOOOOOODO® 


0,51 (0.020) 1,78 (0.070) MAX 18 PLACES 


1,27 (0.050) NOM 
MIN 
GLASS 
5,08 (0.200) SEALANT 


MAX 
SEATING 
PLANE 3 30 (0.130) 


MIN 


_al\e- 0,356 (0.014) 


0,203 (0.008) 
18 PLAGES 


105° 
90° 
18 PLACES 


1,27 (0.050) 
0,38 (0.015) 
4 PLACES 


PIN SPACING 2,54 (0.100) 
(See Note A) 


0,69 (0.027) MIN 
14 PLACES 


0,58 (0.023) 
0,38 (0.015) 
18 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


J ceramic dual-in-line package 


= 
© 
‘7 
> 
® 
3, 
QO 
a 
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This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional 
cleaning or processing when used in soldered assembly. 


20-PIN J CERAMIC 


24,76 (0.975) 


| ' 23,62 (0.930) | 


£2 SOO SOOO 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 


7,62 (0.300) 


S22 (0.245) YO OOOOODOO® 


0,51 (0.020) 
>| 1,27 (0.050) NOM ee 1,78 (0.070) MAX 20 PLACES 


GLASS 
5,08 (0.200) SEALANT 
MAX 


_ SEATING ‘ 
105° PLANE 3 309 (0.130 
“aor ,30 ( ) 0,69 (0.027) MIN 


MIN 16 P E 
20 PLACES eee 


0,36 (0.014) 
a 0,20 (0.008) 0,305 (0.012) nn I - 038 029) 
20 PLACES 4 PLACES 038 (0.015) 
1,27 (0,050) 20 PLACES 
0,38 (0.015) 


4 PLACES 
PIN SPACING 2,54 (0.100) T, P. 


(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


JD ceramic side-brade dual-in-line packages 


This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 


JD CERAMIC — SIDE-BRAZE 


INDEX MARK 
(DOT, TRIANGLE, 
OR NUMBER) 


A SOuEN 1,78 (0.070) 
0,51 (0.020) MIN 0,76 (0.030) 


| 5,08 (0.200) MAX 
__ SEATING ———} 
P 
105° LANE 3,18 (0.125) MIN 
90° eee oe 


1,91 (0.075) MAX 
0,38 (0.015) 4 PLACES 
0,20 (0.008) 2,54 (0.100) NOM 0,53 (0.021) 


PIN SPACING 
(See Note A) 0.38 (0.015) 


A +0,51 (+0.020) 7,62 7,62 7,62 | 10,16 | 7,62 
20,57 27,94 | 30,86 

MeN [eta | ata | osm | roo | ca 
Cc (NOM) 7,37 7,37 7,37 9,91 7,37 


A +0,51 (+0.020) 15,24 15,24 15,24 15,24 15,24 22,86 
- 0,25 (-—0.010) (0,600) | (0.600) | (0.600) | (0.600) | (0.600) | (0.900) 


i] 
~ 
G 
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r 
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‘® 
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36,8 67,3 82,6 
Pe | asm | so | 20sm | aso | a0eo | 2x0, 
C (NOM) 15,0 15,0 15,0 15,0 15,0 22,6 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


JG ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and an 8-pin lead 
frame. The package is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). 
Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the 
board during soldering. 


8-PIN JG CERAMIC 


10,2 (0.400) 
9,0 (0.355) 
0,63 (0.025) R NOM 
¢ . 
7,87 (0.310) 


mee OOO® 


7,11 (0.280) 
6,22 (0.245) 


1,78 (0.070) MAX 8 PLACES —— 
4 1,27 (0.050) NOM 
t GLASS 
SEALANT 


5,08 (0.200) 
MAX 
——- SEATING PLANE 


105° 0.51 (0.020) —+| — 0,76 (0.030) MIN 
90° MIN 8 PLACES 


8 PLACES 0,36 (0.014) 
er 0.20 (0.008) 0,58 (0.023) 
ms Mack: ee + +f 0,38 (0.015) 

MIN 8 PLACES 


1,6 (0.065) 


0,4 (0.015) PIN SPACING 
4 PLACES 2,54 (0.100) T.P. 


(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


KC plastic package 


5-LEAD KC 


10,67 (0.420) 


9,65 (0.380) | 


3,73 (0.147) 


3,53 (0.139) ~~ 


0,64 (0.025) R NOM 
2 PLACES 
(See Note A) 


14,27 (0.562) 
12,70 (0.500) 


PIN SPACING 
1,70 (0.067) 
(See Note B) 


- - (0.030) 
5 PLACES 


3,05 (0. 


| 2,54 (0. 


1,02 (0.040) 


120) 
100) 


6.86 (0.270) 
5,84 (0.230) 


0,64 (0.025) _ | 
0,30 (0.012) 


5 PLACES 


4,83 (0.190) 


3,56 (0.140) 


1,40 (0.055) 


0,51 (0.020) 


15,88 (0.625) 


14,22 (0.560) 


2,92 (0.115) 
2,03 (0.080) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Notches may or may not be present. 


B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 


we 


KH plastic package 


5-LEAD KH 


3,73 (0.147) 
3,53 (0.139) 


10,67 (0.420) 


9,65 (0.380) | 


0,64 (0.025) R NOM 
2 PLACES 
(See Note A) 


14,73 (0.580) 
14,35 (0.565) 


18,47 (0.727) 
18,08 (0.712) 


PIN SPACING , | 


1,70 (0.067) 
(See Note B) 


e | 1,02 (0.040) 


4,83 (0.190) 
3,56 (0.140) 


3,05 (0.120) 


2,54 (0.100) 


6,86 (0.270) 
5,84 (0.230) 


‘Se 


15,88 (0.625) 
14,22 (0.560) 


0,76 (0.030) 6.68 (0.263) MIN 


5 PLACES 


1,40 (0.055) 
0,51 (0.020) 


2,92 (0.115) 
2,03 (0.080) 


0,64 (0.025) 


0,30 (0.012) 
5 PLACES 


= 


8,69 (0.342) 
MIN 


SEATING 
PLANE 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Notches may or may not be present. 
B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 


KV plastic package 


5-LEAD KV . | 


3,73 (0.147) 
3,53 (0.139) 4,83 (0.190) 
3,56 (0.140) 


10,67 (0.420) 1,40 (0.055) 
9,65 (0.380) 0,51 (0.020) 


0,64 (0.025) R NOM FIA 


2 PLACES 3,05 (0.120) 
(See Note A) 2,54 (0.100) 6.86 (0.270) 
5,84 (0.230) 


15,88 (0.625) 


14,22 (0.560) 
15,77 (0.621) 


NOM 


17,86 (0.703) 
NOM 


25,4 (1.00) 
MIN 


2,92 (0.115) 
2,03 (0.080) 


0,64 (0.025) | ' 
0,30 (0.012) 


PIN SPACING a 7a 10 nan) 4,67 (0.184) 

0,76 (0.030) ae erere 

1,70 (0.067) 5 PLACES 4,29 (0.169) 
(See Note B) 8,59 (0.338) 
8,20 (0.323) 


1,02 (0.040) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Notches may or may not be present. 
B. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 


KV plastic package 


15-LEAD KV 


20,14 (0.793) 


19,89 (0.783) 
2,54 (0.100) 


2,03 (0.080) 


3,86 (0.152) 
3,75 (0.148) 
1,02 (0.040) 


4,62 (0.182) 
4,37 (0.172) 


2,92 (0.115) 


2,67 (0.105) 


Se 


10,82 (0.426) JN 22,5 (0.886) 


10,57 (0.416) YY 21,5 (0.846) 


17,62 (0.694) 


17,37 (0.684) 


18,03 (0.710) 
17,53 (0.690) 


1,14 (0.045) 


3,79 (0.149) 0,89 (0.035) 
22,35 (0.880) 


| 3, 7B (0.149) iy. 
353 (0.139) 
21.34 (0.840) ae .. 
| 
2,18 (0.086) 
1,93 (0.076) 


PIN SPACING | 0,79 (0.031) I 4,55 (0.179) 
1,27 (0.050) 1 0,61 (0.024) 0,56 (0.022) 4,04 (0.159) 


(See Note A) 18,03 (0.710) >| 0.46 (0.018) a | 5,33 (0.210) 


17,53 (0.690) 4,83 (0.190) 


Falls Within JEDEC MO-048AB Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
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MECHANICAL DATA 


N plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


14-PIN N PLASTIC 


19,8 (0.780) 
18,0 (0.710) 


OO® OOO® 


2,4 (0.093) R NOM 


7,62 + 0,25 2,8 (0.110) NOM 
(0.300 + 0.010) 


pseocont OOO OOO® 
2,0 (0.080) NOM 


| —| 1 78 (0.070) MAX 14 PLACES 


ag % 4 0,51 (0. a 
0,25 (0.010) ~— 5,08 (0.200) MAX MIN 
NOM Y 
——SEATING PLANE 0,84 (0.033) MIN 
105 14 PLACES 
90° 
14 PLACES cele oge oe 0,36 (0.014) 


0,533 (0.021) 
0,25 (0.010 
14 tig Sel 3,17 (0.125) MIN 0,381 (0. 0.381 (0.015) 
(See Notes B and C) 203+051 14 PLACES 
(0 080 0.020) (See Notes B and C) 
- + QU, 


4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 


Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


N plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


16-PIN N PLASTIC 


19,8 (0.780) MAX 


®®@QQOO® 


€ 
7,62 + 0,25 
(0.300 + 0.010) 
6,35 + 0,25 
(0.250 + 0,010) 


2,0 (0.080) NOM @) (2) (3) @) ) ©) @) 
Spins nes ih j——1, 78 (0.070) MAX 16 PLACES 
bo 25 (0.010) NOM | as MIN iN 


5,08 (0.200) MAX . | Popper (ai A AA yf 
105° saat he am ike | 0,84 (0.033) MIN 
90° 


12 PLACES 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


0,36 (0.014) 
16 PLACES lee 0,533 (0.021) 
0,25 (0.010) ; 0,381 (0.015) 
ad pb 3,17 (0.125) MIN Bi 5387 0018 


(See Notes B and C) 1,65 (0.065) 16 PLACES 
0,38 (0.015) (See Notes B and C) 
4 PLACES + SPACING 2,54 (0.100) T. P. 
(See Note A) 


Parts may be supplied in accordance 
with the alternate side view at the ALTERNATE SIDE VIEW 


option of TI plants located in Europe. — j- 1,78 (0.070) MAX 16 PLACES 
In this case, the overall length of the 


package is 22,1 (0.870) max. 0,51 (0.020) 
5,08 (0.200) MAX 


0,84 (0.033) MIN 
16 PLACES 


3,17 (0.125) MIN ie ons pees ) 


2,41 (0.095) 16 PLACES 


aa (See Notes B and C) 
1,02 (0.040) PIN SPACING 2,54 (0.100) T.P. 


4 PLACES (See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 


san TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


MECHANICAL DATA 


N plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


18-PIN N PLASTIC 


23,4 (0.920) MAX 


OOOOYOOO® 


2,36 (0.093) R NOM 
7,62 + 0,25 
(0.300 + 0.010) 4,06 (0.160) NOM 


6,99 (0.275) MAX G) (2) (3) ©) (s) G) @) ® 


2,03 (0.080) NOM 


> 1,78 (0.070) MAX 18 PLACES 


0,25 (0.010) NOM MIN 


6,08: 10.200) MAM: | ee ecdaee bore ee ae Le 
ia — SEATING PLANE em jee- 
0,89 (0.035) MIN 
‘ oF a 18 PLACES 


a\< 0,279 + 0,076 3,17 (0.125) MIN —e| — 0,457 + 0,076 
(0.011 + 0.003) (0.018 + 0.003) 
18 PLACES 18 PLACES 
(See Notes B and C) 1,91 (0.075) (See Notes B and C) 
0,23 (0.009) 


4 PLACES 


PIN SPACING 2,54 (0.100) T.P. 
(See Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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MECHANICAL DATA 


N plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics. will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


20-PIN N PLASTIC 


OOOOOOOOO® 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


1922025 OOO OOOOOO © 


(0.300 + 0.010) 


7,11 (0.280) 
6,61 (0.260) 


24,77 (0.975) 
2,0 (0.080) NOM 23,22 (0.914) 
————r—e—r 1,78 (0.070) MAX 20 PLACES 


0,25 (0.010) NOM 


oo 6,08 (0.200) MAX | ‘SL Biewias prepay | 1A 
—— SEATING PLANE 0,84 (0.033) MIN 


0,533 (0.021) 


0,36 (0. ne 
20 oo Bae alas 0070 3,94 (0.155) Msn 381 (0.015) 


20 putes ime (0.066) PIN sae 2,54 (0.100) T.P. 20 PLACES 


(See Notes B and C) 0,22 (0.009 (See Note A) (See Notes B and C) 
4 PLACES 


25,40 (1.000) 
23,62 (0.930) 
ALTERNATE SIDE VIEW 
}e-1,78 (0.070) MAX 20 PLACES 
(See Note C) 


1,91 (0.075) 5,08 (0.200) MAX 
7,02 (0.040) : fee 
4PLACES 


+o 0,84 (0.033) MIN 
VIEWA 0,51 (0.020) 20 PLACES 
Parts may be supplied in accordance MIN 


with the alternate side view at the 0,533 0,533 (0.021) 021) 
option of TI. European-manufactured Ene le ft 0,381 (0.015) 
2 3,17 (0.125) PIN SPACING 2,54 (0.100) T.P. 20 PLACES 


parts may have pin 1 as shown in 1.27 (0.050 

view A. Alternate-side-view parts Gene ee teen ant S) 
manufactured outside of the USA 4 PLACES 
may have a maximum package length 

of 26,7 (1.050). 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does. not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


DR ALERTED ct SDL TRIE ASI A ES RS Lt SAD ATES EES 5 EE IED SBE Ee SONOS A Re OI RE PE IEE 
N plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mountng-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


22-PIN N PLASTIC 


EITHER 
OR BOTH 
INDEX MARKS 


10,16 + 0,25 
(0.400 + 0.010) 
(See Note B) 


9,02 (0.355) MAX 


i 0,51 (0.020) 
5,08 (0.200) MIN 
MAX 
__ SEATING 
105° PLANE 0,84 (0.033) 
“557 MIN 
22 PLACES 


0,457 + 0,076 
(0.011 2 0.003 a aa a le 0.487 + 0.003) 
‘2 PLACES 22 PLACES 
(See Notes B and C) Mig ngewe 17a lo.o7e) 07 Noes Rene &) 


(See Note A) MAX 
22 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 


Mechanical Data 
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MECHANICAL DATA 


RI NR I SE TA NEP TITS ES SP PD TMB ES RTS RR TEs PATE BIE ES TEE LE ERLE BAI PT NOE LE HE LE TEL IL BES NS ES LS REE LIENS SOS 
N plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


28-PIN N PLASTIC 


36,6 (1.440) MAX 


BODO OO@OQOOOOOO® 


EITHER OR BOTH 13,97 (0.550) MAX 
INDEX MARKS 


OQOOOOOQDOOOODOOW 


¢ 


15,24 + 0,25 
(0.600 + 0.010) 
0,51 (0.020) 
MIN 
5,08 (0.200) MAX 
__ SEATING 
ie} 

105 PLANE 3,17 (0.125) MIN 


90° 
0,28+0,08—ee- 0,46 + 0,08_ ||, 0,84 (0.033) MIN 
(0.011 + 0.003) (0.018 + 0.003) 127+051 
28 PLACES 28 PLACES PIN SPACING 2,54 (0.100) T.P. (0.050 + 0.020) 


See Notes B and C (See Notes B and C) See Note A 
(See Notes B and C) ( ) 1,40 + 0,18 4 PLACES 


(0.055 + 0.0070) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


FE RE RS amelie TL a A a a eR a A ES a Fa A ae RR ALE RI sma a ANS HE DE NA TS ie RAL ew GEA i ag SPAM i ETE) RICA 
N plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


40-PIN N PLASTIC 


13,97 (0.550) 


EITHER OR BOTH MAX 


INDEX MARKS 


€ 15,24 + 0,25 


(0.600 + 0.010) 
0,51 (0.020) 
MIN er 
5,08 (0.200) MAX 


+ 


— SEATING PLANE 
= PS 3.17 (0.125) MIN 


0457+ 0,076 gig | 
eee cee. R-AK PIN SPACING 2,54 (0.100) TP. i aay 
(See Notes B and C) (See Notes B and C) (See Note A) 7.40 (0.055) 


1,52 (0.060) NOM 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 


Mechanical Data 
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MECHANICAL DATA 


NE plastic dual-in-line packages 


This dual-in-line package consists of a circuit mounted on a 14-pin lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. For better heat dissipation there are internal tabs connecting the three central leads on each 
side of the 14-pin package. The package is intended for insertion in mounting-hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package 
in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. 


14-PIN NE PLASTIC 


19,8 (0.780) 
18,0 (0.710) 


YOOX OOO® 


g 2,4 (0.093) R NOM 


7,62 + 0,25 2,8 (0.110) NOM 
(0.300 + 0.010) 


(0250 = 0.010 OOO OOOO 


2,0 (0.080) NOM 


—| 1.78 (0.070) MAX 14 PLACES 


a ie 4 0,51 (0.020) 
0,25 (0.010) 5,08 (0.200) MAX MIN 
NOM 


—— SEATING PLANE eee (0.033) MIN 


o 
105 34 PLACES 


“90° 


\\ , 0 0.014 
PLACES aa 8 mar 0,533 0,533 (0.021) 021) 
14 PLACES 3,17 (0.125) MIN 0,381 (0. 0.387 (0.015) 
14 PLACES 
(See Notes B and C) 2,03 + 0,51 Wait is ae 
(0.080 + 0.020) 


4 PLACES PIN SPACING 2,54 (0,100) T. P. 
(See Note A) 


Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 


<= ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
© 
S 
a) NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
=3 B. This dimension does not apply for solder-dipped leads. 
4 C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
de plane. 
0 
se) 
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MECHANICAL DATA 


NE plastic dual-in-line packages 


This dual-in-line package consists of a circuit mounted on a 16-pin lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. For better heat dissipation there are internal tabs connecting the two central leads on each 
side of the 16-pin package. The package is intended for insertion in mounting-hole rows on 7,62 (0.300) 
centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the package 
in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. 


16-PIN NE PLASTIC 


19,8 (0.780) MAX 


YO OOOOO® 


3 
7,62 + 0,25 2,4 (0.093) R NOM 


(0.300 + 0.010) 2.8 (0.110) NOM 
6,35 + 0,25 ig sides 


(0.250 + 0.010) 


2,0 (0.080) NOM @) (2) (3) @) ) ©) (2) 


—>| je—1,78 (0.070) MAX 16 PLACES 
me 0,51 (0.020 
0,25 (0.010) NOM MIN 
5,08 (0.200) MAX ¥ 


SEATING PLANE 
0,84 (0.033) MIN 


12 PLACES 


aa 0,36 (0.014) 
16 PLACES Pood Aa Ne Ried ied 
| i 0,25 (0.010) 3,17 (0.125) MIN _ o337 10 01 aa ‘s ah 
16 PLACES p 
(See Notes B and C) 1,65 (0.065) 16 PLACES 
0,38 (0.015) (See Notes B and C) 


4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 


105° 


Parts may be supplied in accordance 
with the alternate side view at the ALTERNATE SIDE VIEW 


option of TI plants located in Europe. — a 1,78 (0.070) MAX 16 PLACES 
In this case, the overall length of the 


package is 22,1 (0.870) max. 0,51 (0.020) 
5,08 (0.200) MAX 


0,84 (0.033) MIN 
16 PLACES 


3,17 (0.125) MIN —e| e- 0,533 (0.021) 
0,381 (0.015 

16 PLACES 

ira, (See Notes B and C) 

1,02 (0.040) PIN SPACING 2,54 (0.100) T.P. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


4°) 
ar) 
i) 
an) 
rs 
2 
= 
4°) 
FE on 
oO 
® 
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NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


NF plastic dual-in-line packages 


This dual-in-line package consists of a circuit mounted on a 28-pin lead frame and encapsulated within 
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 10,16 (0.400) centers. Pin spacing within the rows 
is 1,78 (0.070). Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Solder-plated leads require no additional cleaning or processing when 
used in soldered assembly. 


28-PIN NF PLASTIC 


Leaeeecoeoooos 


¢ OOOOOOOOOOOOO® 


10,79 (0.425) 
9,91 (0.390) 


9,65 (0.380) 


,38 (0.330 
oes 0,51 (0.020) 


5,08 (0.200) MAX 
_ SEATING 


08° PLANE | : 2,03 (0.080) MIN 


0,37 (0.0145) _| 
0,17 (0.0065) le ass iao2t) 0,84 (0.33) MIN 
i PIN SPACING 1,78 (0.070) T.P. 


28 PLACES 1,78 (0.070) 
(See Notes Band Cc) _—‘‘See Notes B and C) (See Note A) 0.78 (0.030) 
1,27 (0.050) 4 places 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


NT plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 


24-PIN NT PLASTIC 


31,8 (1.250) 
1.125 


Y™Y@O@QO@Q*XOOOOO® 


2,4 (0.093) R NOM 


7,62 + 0,25 
(0.300 + 0.010) 2,8 (0.110) NOM 


7,1 (0.280) MAX AQOOOOOO@OOOA® 


0,38 (0.015) 
MIN 


1,78 (0.070) 
2,0 (0.080) NOM 7 +} ira 0.048) 140.045) 24 PLACES 


5,08 (0.200) 


0,25 (0.010) NOM 
MAX 


— SEATING PLANE 
1,14 (0.045) MIN 
24 PLACES 


24 PLACES 0,36 (0.014) eee 0,533 (0.021) : 
ae 0,25 (0.010) 4,06 (0.160) k—3 0,381 (0.015) 
24 PLACES 3,17 (0.125) 24 PLACES 
(See Notes B and C) 


(See Notes B and C) 2,16 (0.085) 
PIN SPACING 2,54 (0.100) T.P. 


0,71 (0.028) (See Note A) 


4 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


NW plastic dual-in-line package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 


NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 


For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 


24-PIN NW PLASTIC 


32,8 (1,290) MAX 


®9OQ@O®DO®OOOOYV® 
2,4 (0.093) R NOM 
2,8 (0.110) NOM 
15,24 + 0,25 
(0.600 + 0.010) 
14,0 (0.550) 
NOM O®@OOOODOOOU® 
2,0 (0.080) NOM 


Re eS ASR eT ER 
‘ Rigs wives sare rs aes 
-SEATING PLANE ————— 
oe 24 PLACES 0,51 (0,020) MIN 


0,25 (0.010) NOM =a fie (0.070) MAX 24 PLACES 

7 ( ) 
Ty Ty Th Py Ly 808 0-4 
1 | | 


0,28 + 0,08 —»\\*— 0,83 (0.033) MIN 3,17 (0.125) MIN 
(0.011 + 0.003) 24 PLACES 24 PLACES 
24 PLACES 0,457 + 0,076 2,42 (0.095) MAX 
(See Notes B and C) (0.018 + 0.003) 4 PLACES 
24 PLACES PI . F. 
(See Notes B and C) ~ pie? ~ ae ves 


<= ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
@ 
= 
ry) NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
= B. This dimension does not apply for solder-dipped leads. 
3 C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
so plane. 
Oo 
© 
ot 
® 
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MECHANICAL DATA 


RS eta es ta 0 A a BRS Tl ENE A LE ERE BT Get EE LN ELS MQ, A ERE ENE RR CREE Se AO A Es al 

P dual-in-line plastic package 
This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (See Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Solder-plated leads require no additional cleaning or processing when used in soldered assembly. 


8-PIN P PLASTIC 


10,2 (0.400) MAX 


®® © © 


INDEX DOT 


7,62 (0.300) TP. 


g 
(See Note A) G) @) @) @) 


tea 1,78 (0.070) MAX 
, , 8 PLACES 


5,08 (0.200) 
MAX 


SEATING PLANE 0,84 (0.033) MIN 
GAUGE PLANE 
0,51 (0.020) 8 PLACES 
0,76 (0.030) MIN 
0,00 (0.000) 


3,17 (0.125)| | = 0,457 + 0,076 
0,28 + 0,08 MIN (0.018 + 0.003) 


(0.011 + 0.003) 2,54 (0.100) T.P. 8 PLACES 
8 PLACES 6 PLACES 
(See Notes B and C) (See Note A) (See Notes B and C) 


105° 
90° 
8 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 


plane. 
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MECHANICAL DATA 


U ceramic flat package 


This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. 
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 
in soldered assembly. 


10-PIN U CERAMIC 


0,153 (0.006) 0,483 (0.019) Go)(9 8) PIN SPACING 
a Me 0,076 (0.003) 0.381 (0.015) fg at. 1,27 (0.050) TP. 
10 LEADS 10 LEADS (See Note A) 


8,89 (0.350) 
5,08 (0.200) 


7,62 (0.300) 
' 6,35 (0.250 
25,4 (1.000) (See Note B) 5.97 5 = 


19,0 (0.750) 


ALTERNATE 
INDEX POINTS 


2,03 (0.080) 
1,27 (0.050) 


8,89 (0.350) 
5,08 (0.200) 


1,27 (0.050) i 0,64 (0.025) 
0,13 (0.005) 6,35 (0.250) 0,00 (0.000) 


VQ) 


Fall Within JEDEC MO-OO4AE Dimensions 
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ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
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MECHANICAL DATA 


W ceramic flat packages 


Each of these hermetically sealed flat packages consists of an electrically nonconductive ceramic base 
and cap and a lead frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning 
or processing when used in soldered assembly. 


14-PIN W CERAMIC 


OOOQOUO® 
ove e003) ht leet 1.27 (0.050) TP 


12 PLACES 
14 LEAD 
. (See Note A) 


8,00 (0.315) 
6,86 (0.270) 


BASE AND 
SEATING 0,483 (0.019) 
PLANE 0,381 (0.015) 


14 LEADS 


7,0 (0.275) 


(See Note B) 
(See Note C)~J) 


21,84 (0.860) 


21,34 (0.840) 6,73 (0.265) 


5,97 (0.235) 


2,03 (0.080) 
1,27 (0.050) 


8,00 (0.315) 
6,86 (0.270) 


1,02 (0.040) 
0,51 (0.020) 


0,64 (0.025) 
a 0,25 (0.010) 
8,56 (0.337) 4 PLACES 


OOOOOO® 


8,89 (0.350) 


Fall Within JEDEC MO-OO4AA Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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B-35 


MECHANICAL DATA 


W ceramic flat packages 


16-PIN W CERAMIC 


OOOOOOOO 
0,152 (0.006) —>||. 1,27 (0.050) TP 
0,076 (0.003) leo} 14 PLACES 


16 LEADS (See Note A) 


8,89 (0.350) 
7,87 (0.310) 


0,483 (0.019) 
BASE AND : = 0,381 (0.015) 
SEATING PLANE am — — 16 LEADS 


7,62 (0.300) 
(See Note B) 

(See Note C) \ 
7,24 (0.285) ‘ 
6,27 (0.247) 


24,38 (0.960) 
23,88 (0.940) 


2,03 (0.080) 
1,27 (0.050) 


8,89 (0.350) 
7,87 (0.310) 


1,02 (0.040) 
0,51 (0.020) 


0,64 (0.025) 
=| 0,25 (0.010) 
9,42 (0.371) 4 PLACES 


OOOOOOO® 


10,16 (0.400) 


Falls Within JEDEC MO-004-AA Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 


W ceramic flat packages 


20-PIN W CERAMIC 


0,152 (0.006) ODO OOOQOOO 
0,076 (0.003) “a we begs ig 


2 
0 LEADS (See Note A) 


9,40 (0.370) 
6,35 (0.250) 


BASE AND ahaa 
SEATING PLANE 
7,37 (0.290) 
(See Note B) 


0,483 (0.019) 
0,381 (0.015) 
20 LEADS 


7,11 (0.280) 


25,9 (1.020) 
6,60 (0.260) 


18,9 (0.745) 


ay, OE REF Ee, 
= 
(See Note C) 
1,02 1,02 (0.040) 040) 1,14 1,14 (0.045) 045) 
0,25 (0.010) 0,13 (0.005) 12,95 (0.510) 
4 PLACES MAX 


2,34 (0.092) 


1,14 (0.085) OOOOOOOOO® 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 


W ceramic flat packages 


24-PIN W CERAMIC 


0,152 (0.0C6) 1,27 (0.050) 
0,076 (0.003) 0,25 (0.010) 
24 LEADS 4 PLACES 


BYODMOMOIOOOOOO® 
— nee 1,27 (0.050) T.P. 


22 PLACES 
(See Note A) 


10,16 (0.400) 
6,98 (0.275) 


0,483 (0.019) 
0,381 (0.015) 
24 LEADS 


10,16 (0.400)|  * PLACES 
(See Note B) (See 


30,5 (1.200) (See 


24,1 (0.950) 
10,1 (0.395) Note D) 


8,5 (0.335) 


2,16 (0.085) 
1,39 (0.055) 


10,16 (0.400) 
6,98 (0.275) 


1,27 (0.050) 
0,71 (0.028 ‘| ea 12,3 (0.485) MIN 


—— 16,2 (0.635) MAX 


OOOOOODOOOO® 


Falls Within JEDEC MO-019AA Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 

C. Index point is provided on cap for terminal identification only. 

D. End configuration of 24-pin package is at the option of TI. 


NOTES: 
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MECHANICAL DATA 


WA ceramic flat package 


14-PIN WA CERAMIC 


OOOO OOO 


6,73 (0.265) 


0,152 (0.006) 0,483 (0.019) 6,98 (0.275) 
0,076 (0.003) 076 (0.003) a 0,381 (0.015) i g —1,27 (0.050) TYP 
14 LEADS 12 PLACES 
(See Note A) 


8,89 (0.350) 
6,10 (0.240) 


BASE AND 
SEATING PLANE 
™e 5, | (0.220) 
(See Note B) ue 
21,8 (0.860) 


5,08 (0.200) 


21,3 (0.840) 
4,70 (0.185) 


1,27 (0.050) 0.76 (0.030) 0,38 (0.015) Rue Sore 


0,51 (0.020) 5,97 (0.235) aii 
6.22 (0.245) 


OOOO OO® 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
This dimension determines a zone within which all body and lead irregularities lie. 

. Index point is provided on cap for terminal identification only. 

. End configuration of 24-pin package is at the option of TI. 


Mechanical Data 
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MECHANICAL DATA 


WC ceramic flat package 


24-PIN WC CERAMIC 


OOOGOOODOOO OU 
0,076 (0.003) (See Note A) 


24 LEADS 22 PLACES 
10,16 (0.400) 
6,99 (0.275) 


8,38 (0. ie: MAX 
(See Note B) 


30,48 (1.200) 7,24 (0.285) 
20,32 (0.800) 6,99 7 275) 


0,152 (0.006) - 1,27 (0.050) TYP 


BASEAND _¥ 


SEATING PLANE 


2,29 (0.090) 0,79 (0.031) 0, 38 (0. 0.38 (0.015) 5) EERE OAR F 12,83 (0.505) 
1,40 (0.055) 24 LEADS + 12.83 10.508 32 (0.485) 


OOOOO OOOO OO 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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IC SOCKETS 


INTRODUCTION 


Texas Instruments has developed solutions for today’s high density packaging needs. The TI facility at Attleboro, 
Massachusetts (one of the world’s largest suppliers of multimetal systems) provides leading-edge technology 
which, combined with reliable, high-volume, off-the-shelf interconnection products, allows TI to quickly meet 
volume commercial applications. 


During the last decade, Tl has produced one of the largest IC socket families. Tl’s sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. 


Our sockets are designed for: 


® ergonomical efficiencies in assembly 
@® compatibility with automatic assembly equipment 
@ maximum performance and board density 


e 


This section of the data book provides information on the following types of IC socket products. 


PRODUCTION SOCKETS | TYPE 
Plastic Leaded Chip Carrier PLCC 
Single-in-Line Packages SIP 
Pin-Grid Arrays PGA 
Dual In-Line DIP 
Dual In-Line 0.070-in spacing Shrink Pack 
Quad In-Line QUIP 

BURN-IN/TEST SOCKETS TYPE 
Plastic Leaded Chip Carrier PLCC 
Pin Grid Array PGA 
Dual In-Line DIP 
Dual In-Line 0.070-in spacing Shrink Pack 
Small Outline Flatpack 
Quad Flatpack 


Specially formulated alloys give the Tl contact springs: 


@ Low Contact Resistance 
@ High Contact Strength (to stand up to repetitive insertions and withdrawals) 
@ High normal forces, assure gas tight reliability 


A full line of reliable, readily available, low-cost interconnection systems means premium performance at an 
economical price. 


Additional information, on these and other Tl products, including pricing and delivery quotations may be obtained 
from your nearest TI Distributor, Tl Sales Representative or: 
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Texas Instruments Incorporated 
Connector Systems Department MS 14-3 Telephone: (617) 699-5242/5269 
Attleboro, Massachusetts 02703 TELEX: 92-7708 
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IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G 

Shock: 100 G 

Solderability: Per MIL-STD 202, Method 208 

Insertion force: 0.59 Ibs per position 

Withdrawal force: 0.25 Ibs per position 

Normal force: 200 g min, 450 g typ 

Wipe: 0.075 in min 

Durability: 5 cycles min 

Contact retention: 1.5 Ibs min 


Electrical 

Current carrying capacity: 1 A 

Insulation resistance: 5000 MQ min 

Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1.0 pF max 


Environmental 

Operating temperature: 

Operating: — 40°C to 85°C 

Storage: —40°C to 95°C 

Temperature cycling with humidity: will conform to final EIA 
specifications 

Shelf life: 1 year min 

MATERIALS 

Body — Ryton R-4 (40% glass) U/L 94-VO rating 

Contacts — CDA 510 spring temper 

Contact finish — 90/10 tin (200 pin —400 yin) over 40 pin 
copper 


Contact factory for detailed information 


PLASTIC LEADER CHIP CARRIER CPR SERIES 
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Device guide barriers not shown 


8,13 
(0.320) 


< deo 
90° TYP 0,63 
2,54 (0.100) (0.025) 
TYP 3,18 
(0.125) 


___—— DEVICE GUIDE 
- BARRIERS 
UNIQUE, HIGH — 
NORMAL FORCE 
CONTACT 


EASILY 
AUTO INSERTED 


DESIGN 


PART NUMBER SYSTEM 


CPR PH XXX —-X—X-—O 


Contact surface 1 — tin lead 
plating 
Contact spacing 1 — 0.050 in 
Number of pos (044, 052, 068, 084) 
Plated thru hole, solder tail 
TI socket Series 
Plastic leaded chip carrier 


2,54 
(0.100) TYP 


STANDOFF 


2,54 
(0.100) TYP 


| Pom oR ee 
(0.844 | (0.700) | (0.500) 
(0.944) | (0.800) | (0.600) 
29,06 25,40 20,32 
(1.144) | (1.000) | (0.800) 
34,14 30,48 25,40 
(1.344) | (1.200) | (1.000) 


Extraction tool available, consult factory. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
B-42 standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
PLCC BURN-IN/TEST 


PRODUCT FEATURES 

Can be loaded by top actuated insertion or press-in 
insertion, either manually or automatically 

High reliability due to high pressure contact point 

Open body and high stand-off design provide high efficiency 
in heat dissipation 

High durability up to 10,000 cycles 

Compact design 


PERFORMANCE SPECIFICATIONS 


Mechanical 
Durability: 10,000 cycles 
Operating Temperature: 180°C max 


Electrical 

Contact rating: 1.0 A per contact 
Contact resistance: 30 mQ2 max 

Insulation resistance: 1000 MQ min PART NUMBER SYSTEM 
Dielectric withstanding voltage: 500 V ac rms min CBJ: AA3SA-— XXX -B 


MATERIALS 

Body — ultem glass filled (U/L 94 VO) 
Contact — copper alloy Number of positions 
Plating — overall gold plate 


Tl series socket 


PLCC BURN-IN/TEST SOCKETS CPJ SERIES 


2,54 
(0.100) 


23,00 (0.906) 


1,27 (0.050) 


2,54 
(0.100) 


1,27 (9.050) 
5,08 (0.200) 
18,08 (0.712) 
1,27 (0.050) SIZES: be a 


5,08 (0.200) 
12,90 (0.507) 


14,00 (0.551) 


3,00 (0.118) 


ele 0,35 1,30 (0.051) 
(0.014) 


Dimensions in parentheses are inches 
Contact factory for detailed information 
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IC SOCKETS 
SINGLE-IN-LINE PACKAGE 


PERFORMANCE SPECIFICATIONST 


Mechanical 

Vibration: MIL-STD-202 

Durability: 30 cycles 

Insertion force: Og 

Withdrawal force: Og? 

Contact (normal) force: 200 g min 

Contact retention force: 2 Ibs per circuit min 


Electrical 

Contact rating: 1 A 

Contact resistance: 30 mQ max initial 
Insulation resistance: 1000 MQ at 500 dc 
Dielectric strength: 1500 V ac rms 
Capacitance: 2 pF max 


T Values may vary due to test sequence and SIP module 
configuration 

+After module is unlocked from the receptacle 

For a complete test report, please contact factory) 


Environmental 

(20 mQ max contact resistance change after all tests) 

Operating and storage temperature: —40°C to 100°C 

Humidity: MIL-STD 202, Method 106D, 10 days 

Temperature soak: 85°C for 160 hours 

Thermal Shock: 5 cycles, —40°C to 85°C per 
MIL-STD 202, Method 107E 

Shelf life: 12 months min 


MATERIALS 

Body — PES polyether sulfone, glass filled, black, 94 VO 

Contact — Beryllium copper C17000; phosphor bronze alloy 
CA510 

Contact finishes — Post plate min 200 yin tin/lead over min 

50uin nickel overall 

Post plate min 30 yin hard gold over min 75 in nickel overall 


For additional plating options contact the factory. 


SINGLE-IN-LINE PACKAGE SOCKETS TS8 SERIES 
DUAL ROW VERTICAL 
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Contact factory for detailed information 


_LEADLESS 

_ SINGLE-IN-LINE 
PACKAGE 
_(SIP) MODULES 


MPERATURE | 
MOLDED 


_ZERO INSERTION FORCE, 
HIGH NORMAL FORCE CONTACT __ 


BEBE ABPEP 


AUTOMATIC 
MODULE RETENTION 
AND SUPPORT 


ODY 


POLARIZING; 
____ MOUNTING POST. 


PART NUMBER SYSTEM 
TS8X XX XX X —XX — XX 


Variations 
OO — standard 
product 

Size 

(number of 


contacts per row) 


Housing material 
A — PES 


Contact base material/plating 
01—C17000/30 yin gold 
02—CA510/30 yin gold 
03—C17000/200 yin tin/lead 
04—CA510/200 yin tin/lead 


Configuration/row-to-row spacing 
01—single row/N/A 
03—dual row/0.300 in 
04—dual row/0.400 in 
05—dual row/0.500 in 


Series number denotes 
O—0.100 in pitch, vertical mount 
1—0.100 in pitch, low-profile (25°) mount 


Consult factory for availability of configurations, materials, and 
sizes. 


SINGLE ROW LOW PROFILE 


96,52 | 73,66 | 82,14 | 89,28 | 80,52 | 92,71 2,79 3,86 
(3.800) | (2.900) | (3.234) | (3.515) | (3.170) | (3.650) | (0.110) | (0.152) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
a per the terms of Texas Instruments 
B-44 standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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IC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.015 in to 0.021 in diameter 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Recommended hole grid pattern: 0.100 in + 0.002 in each 
direction 

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 
Method 2005.1 Test Condition Ill 

Shock: 100 G, sawtooth waveform, 2 shocks each direction 
per MIL-STD 202, Method 213, Test Condition | 

Durability: 5 cycles, 10 m2 max contact resistance change 
per MIL-STD 1344, Method 2016 

Solderability: per MIL-STD 202, Method 208 

Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 
diameter test pin 

Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 
diameter test pin 


Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 m2. max initial 

Insulation resistance: 1000 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 1000 V ac rms 
per MIL-STD 1344, Method 3001.1 

Capacitance: 1.0 pF max per MIL-STD 202, Method 305 


Environmental 

Operating temperature: —65°C to 125°C, gold; —40°C to 
100°C, tin 

Corrosive atmosphere: 10 mQ max contact resistance 
change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mQ max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mQ max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shell life: 12 months min 


MATERIALS 

Body — PBT polyester U/L94-VO rating 

On request, G10/FR4 or Mylar film 

Outer sleeve — Machined Brass (QQ-B-626) 

Inner contact — Beryllium copper (QQ-C-530) heat treated 
Plating: (specified by part number) 


PIN GRID ARRAY 


©©O©OGOOOO 
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1,3/2,0 2,54 
(0.05/0.08) TYP (0.100) TYP NONCUMULATIVE 


{0.10/0.12) 
3.6/4.6 
(0.14/0.18) | F— 


| 1,35 
| ee 0,33 ‘ (0.053) DIA 


2,67/3,61 0.021) DIA 
(0.105/0.150) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


PRECISION — 
_—— MACHINED — 
SLEEVE 


~ PRECISION — 
_ SIX-FINGERED 
__ INNER CONTAC 


Inner contact — 30 pin gold over 50 yin nickel or 100 yin 
tin/lead over 50 yin nickel 

Outer sleeve — 10 pin gold over 50 yin nickel or 50 yin 
tin/lead over 50 yin nickel 


PART NUMBER SYSTEM 


C X G XX — XXX X X— X X 


Pin Length 


3-0.510 long | 9-0.105/0.150 


Plating 


| PIN | Sleeve | Clip | 
Gold Gold 
Tin Gold 


Body Style and Orientation 


Contact Loading Pattern 


Pin 
Grid Number of Pins . 
Array 024 to 324 


Overall Grid Size 
5x5=05 to 18x 18=18 


BODY MATERIAL 
G — Glass Filled Epoxy 
P — PBT Polyester 


Tl Socket 


Insulator Size 


(0.950) 24,13 (0.800) 20,32 
(1.050) 26,67 (0.900) 22,86 
(1.150) 29,21 (1.000) 25,40 
(1.250) 31,75 (1.100) 27,94 
(1.350) 34,29 (1.200) 30,48 
(1.450) 36,83 (1.300) 33,02 
(1.550) 39,37 (1.400) 35,56 
(1.650) 41,91 (1.500) 38,10 
(1.750) 44,45 (1.600) 40,64 
(1.850) 46,99 (1.700) 43,18 


TNoncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 
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B-46 


IC SOCKETS 
BURN-IN/TEST PIN GRID ARRAY 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 5000 cycles, 10 mQ max contact resistance 
change per MIL-STD 1344, Method 2016 

Solderability: per MIL-STD 202, Method 208 


Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1.0 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 700 V ac rms per 
MIL-STD 1344, Method 3001.1 

Capacitance: 1.0 pF max per MIL-STD 202, Method 305 

Environmental 

Operating temperature: —65°C to 170°C 

Humidity: 10 mQ max contact resistance change when 
tested per MIL-STD 202, Method 103B 

Temperature soak; 10 mQ max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shelf life: 12 months max 


MATERIALS 

Body — CZF Series: PPS (polyphenylen sufide) glass filled 
U/L 94 VO rating, —65°C to 170°C 

Contact — Beryllium copper 

Plating: t Overall gold plate min 4 in over min 70 yin nickel 
plating 


TFor additional plating option consult the factory. 
BURN-IN TEST PIN GRID ARRAY 


83,82 
(3.30) 


| CONTACT OPEN 


48,00 — 59,94 
(1.89) — (2.36) 


14,98 
(0.590) 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard sg Her Production processing does not 
necessarily include testing of all parameters. 


ZERO INSERTION 


CLOSED BOTTOM FORCE DUAL 
DESIGN BEAM CONTACT 
SYSTEM 


PART NUMBER SYSTEM 
C XX X — XXX — 


XX — 01 
fives, 


37 — overall gold plate 
Number of positions 


Configuration 
W — 11x 11x 2 


Style ZF — Zero force 


Tl Series socket 


8,99 35,05 
(0.354) (1.38) MAX 
——2,54 

(0.100) 6,99 
t (0.275) 

421% 2 25,40 

(1.00) 

29,60 

(1.165) 


Dimensions in parentheses are inches 
Contact factory for detailed information 
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IC SOCKETS 
DUAL-IN-LINE 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.011 + 0.003 in by 
0.018 + 0.003 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Recommended hole grid pattern: 0.100 in + 0.003 in each 
direction 

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 
Method 2005.1 Test Condition Ill. 

Shock: 100 G, sawtooth waveform, 2 shocks each direction 
per MIL-STD 202, Method 213, Test Condition | 

Durability: 5 cycles, 10 mQ2 max contact resistance change 
per MIL-STD 1344, Method 2016 

Solderability: per MIL-STD 202, Method 208 

Insertion force (C7X and C86): 16 oz (454 g) per pin max 

Insertion force (C50): 12 oz per pin max 

Withdrawal force: (40 g) per pin min 


Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 mf} max initial 

Insulation resistance: 1000 MQ at 500 V dc per 
MIL-STD 1344, Method 3003 

Dielectric withstanding voltage: 1000 V ac rms per 
MIL-STD 1344, Method 3001.1 

Capacitance: 1.0 pF max per MIL-STD 202, Method 305 


Environmental 

Operating temperature: —55°C to 125°C, gold; —40°C 
to 100°C, tin 

Corrosive atmosphere: 10 mQ max contact resistance 
change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mQ max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mQ max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shelf life: 12 months min 


Materials (C7X, C50, and C86) 

Body — PBT polyester U/L 94 VO rating 

C7X & C50 Contacts — Outer sleeve: brass 

Clip: BECU or PHBR 

Contact finish — clip 30 yin gold over 50 yin nickel or 
50 yin tin/lead over 50 yin nickel 

— sleeve 10 yin gold over 50 yin nickel 
or 50 yin tin/lead over 50 yin nickel 

C86 Contacts — Phosphor bronze base metal 

C86 Contact-finish — Tin plate 200 pin over copper flash 


Specified by 
Part Number 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


TEXAS a 
INSTRUMENTS 


C7X SERIES — SCREW MACHINE 
a --——— , WIDE-TAPERED 
ENTRY 


PRECISION 


FOUR-FINGERED _ MACHINED > 
contact J _ SLEEVE 
C7X SERIES 


PART NUMBER SYSTEM 


C7X (X) XX— X X 
Variations 
Solder Tail 
9 — Pin length 0.105/0.150 
Wire Wrap 
3 — Pin length 0.510 
Number of Plating (Sleeve/Clip) 
Positions O — Gold/Gold 
5 — Tin/Gold 


S — Single-in-line package (where applicable) 


Screw Machine Socket 
1 — wire wrap 
2 — solder tail 


C86 SERIES — STAMPED AND FORMED 


DUAL-FACED 
SINGLE BEAM 


GAS-TIGHT 
CONTACT 


C86 SERIES 
PART NUMBER SYSTEM 


XX — O1 
Es Variation 


01 — Standard product 


C 86 
fe Dual Face Wipe Single Beam 


Number of positions 


Tl Socket Series 


34 Forest Street « Attleboro, Massachusetts 02703 
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IC SOCKETS 
DUAL-IN-LINE 


C50—UNICON DIPS 


im B +0.005 


‘ositions 


88 Dim A Max 


Dim D +0.005 
‘ositions 


a ra) a 
|g easels ele 
(0.300)} (0.200)} (0.400)| (0.300) (1.200)}(1.100)} (0.500) |(0.400) 
leeds 
(0.400)} (0.300)} (0.400)) (0.300) (1.400) (0.700) }(0.600) 
| aieleea lca =| ae ea 
(0.700)| (0.600)| (0.400)} (0.300) (1.600) (1.500)} (0.700) |(0.600) 
DISH RUR SI EN 
(0.800)} (0.700)} (0.400)} (0.300) (1.800)} (1.700)| (0.700) (0.600) 
> elem oer aa 
(0.900)}(0.800)} (0.400)} (0.300) (2.000)} (1.900)} (0.700) |(0.600) 
| eee eae eee 
(1.000)} (0.900)} (0.400)| (0.300) (2.400)} (2.300)} (0.700) |(0.600) 
=| pelea alee 
(1.100)}(1.000)} (0.500)) (0.400) (2.500)] (2.400)} (1.000) |(0.900) 
mallee eee 
(1.200)}(1.100)} (0. 700)| (0.600) (3.200)} (3.100)} (1.000) }(0.900) 
24] tool toofooo|osoo) | | | | 
(1.200)}(1.100)} (0.400)} (0.300) 


Internal Code Only TNonstandard sizes 
Not all sizes available in each series 


FS Dim B +0.005 


PART NUMBER SYSTEM 
XX — XXX 


Clip 

O — PhBr Tin plated 

2 — PhBr Gold plated 10 yin C7X SERIES 

3 — BeCu Tin plated 

4 — BeCu Gold plated 20 yin 

5 — BeCu Gold Plated 30 yin 4,19 


(0.165) 
Contact Sleeve 


1 — Brass tin plated 


2,67 
(0.105) MIN 


Number of Position 


Tl Unicon Socket 1.35 v 
(0.053) a \e—0,53 (0.021) DIA 
DUAL-IN-LINE 
2 C50, C7X AND C86 SERIES 
= one C86 SERIES 
=. (0.120) MAX CONTACT POINT 
® PS es 
=, 
?) 1,35 i Spee ane 
2 3,61/4,57 (0.053) ome cola 4,25 nee 
(0.142)/(0.180) (0.021) DIA (0.169) : 
O -olle—_9-85. pia ee 
4 (0.025) 


cage 


2,54 (0.100) TYP 


Dimensions in parentheses are inches 
Contact factory for detailed information 
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current as of publication date. Products conform to j 
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IC SOCKETS 
BURN-IN/TEST DIP 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.011 in by 0.018 in NOM 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hold size range: 0.032 in to 0.042 in 
Durability: 10K cycles — CM Series, 5K cycles — CP/COQ 
Solderability: per MIL-STD 202, Method 208 


Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ at 500 V dc 

Dielectric withstanding voltage: 1000 V ac rms 

Capacitance: 1.0 pF max per MIL-STD 202, Method 305 

Environmental 

Operating temperature: —65°C to 170°C — CP/CM Series, 
—65°C to 150°C — CQ Series 

Humidity: 10 mQ max contact resistance 

Temperature Soak: 10 mQ2 max contact resistance change 


MATERIALS 

Body — PPS (polyphenylen sulfide) glass filled U/L 94 VO 
Contacts — Higher performance copper nickel alloy 
Plating: 4 nin of gold min over 100 yin of nickel min 


TFor additional plating options consult the factory 


BURN-IN/TEST DIP SOCKETS 


3,30 
{0.130) : 
} | 2,54 
- (0.100) 
SOLDER TAIL 


2 a a 
(0.100)—e}  ~— 


CP37 SERIES 


CQ37 SERIES 


0,51 
(0.020) MAX 


be-0,63 ¢ 2,01 
(0.025) (0.079) 

7 2,29 
14,48 (0.090) 


PART NUMBER SYSTEM 
C X 37 XX — 22 S X 


: a Pin to pin 
A—0.100 centers 
B—0O.070 centers 
PPS high temperature 
body material 
Copper nickel alloy 
Soldertail Ya 
Number of positions 
Overall gold plate 


Series Features 

Q— Auto unloadable 

P — High density mounting 
M—Shrink 0.070 centers 


Tl Socket Series 


CQ37 SERIES 


Number of és x © ° 
Dealtad +0.01 +0.02 | +0.01 | +0.01 
Length Width | Contact 
20,32 (0.800) 
22,35 (0.880)| 12,70 | 15,24 
24,89 (0.980) | (0.500) | (0.600) 
27,43 (1.080) 


7,62 
(0.300) 
32,51 (1,280) 

37,59 (1.480)| 19,05 | 22,86 | 15,24 
52,83 (2.080) | (0.750) | (0.900) | (0.600) 
55,37 (2.180) 


CP37 SERIES 


Number of 
Positions 


11,68 (0.460) 
17,78 (0.700) 
20,32 (0.800) 
22,86 (0.900) 
25,40 (1.000) 


© 
jet 
© 
a 
aes 30,48 (1.200) 3 
(0.020) 3.0 3,20 f é : 20,32 2 
3.99" (0.118) (0.126) (0.570) 35,56 (1.400) | (9.600) | (0.800) S 
(1.57) 50,80 (2.000) © 
& 
CM37 SERIES CM37 SERIES . 
6.50 ‘aii 0.51 A B = 
(0.256) +" Number of +0.016 +0.02 
Positions 
Length 
10,67 
Bee 27,18 (1.070) (0.420) 
40 37,85 (1.490) 
42 $9.02 (1800). | cea. biG dia 
11,99 54 50,29 (1.980) : 
$4107 20,32 | 26,92 
os3—elle | IL 3.48 See 89,18 (2.330) | (0.800) | (1.060) 
(0.021) (0.070) (0.137) 
0.50 Dimensions in parentheses are inches 
oe Contact factory for detailed information 
PRODUCTION DATA documents contain information a 
current as of publication date. Products conform to i} 
ifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not B-49 
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-1€ SOCKETS 
QUAD-IN-LINE/SHRINK PACK 


2S AE SETAE ETE OLS SETA SE EE DRE DEEDS LL LE PES ET ELE OI EES LE LE BCE ES FR ES EIA TE AA SS Sea TA PRE A SY 
PERFORMANCE SPECIFICATIONS 


Insertion force: 16 oz (454 g) per pin max 

Withdrawal force: 1.5 oz (42 g) per pin min 

Operating temperature: —40°C to 100°C, tin 

Accommodates IC leads 0.011 + 0.003 in by 
0.018 + 0.003 in 

Contact rating: 1.0 A per contact 


MATERIALS 
Body — PBT polyester U/L 94 VO rating q 

“df C4S & CxW Contacts — Copper alloy A prs ry ey 
Contact finish — Reflow tin plating, 40 pin min CONTACT 


PART NUMBER SYSTEM 
X Ww XX — 11 
QUAD-IN-LINE (CxW SERIES) 
Number of contacts (42, 52, 64) 
Staggered leads ET hI papa Pa Pa PI Papa 


5 — 64 contacts iz 
6 — 42, 52 contacts 


Tl Socket Series 


PART NUMBER SYSTEMTt 
So Ao) Ss... MX ee 


Number of contacts 
28, 40, 42, 52, 54, 64 


Shrink Pack 
(0.070 in pin-to-pin contact spacing) 


Reflow tin plating 
Ti Socket Series 


TAlso available in screw machine contacts 


C4S SERIES 


A B 
Positions ma Row to Row 
Length 


25,02 10,16 13,00 
(0.985) (0.400) (0.512) 


2) 


, 


= 
© 
'T) 
- 
© 
Z. 
© 
2 
0 
© 
o> 
ie¥) 


40 15,24 17,98 
(1.405) (0.600) (0.708) 


(2.247) (0.750) (0.851) QUAD-IN-LINE (CxW SERIES) 


Dimension in parentheses are inches 
Product a e & 
a in Max Row to Row Max 
CAS SERIES Seer Length Row to Row 
41,90 22,90 19,05 
eee el ati 65) (0.950) (0.750) 
27,90 22,90 17,80 
pha Cede (0.900) (0.700) 
34,30 22,90 17,80 
iui idee YS. (0.900) (0.700) 


Dimensions in parentheses are inches 
Contact factory for detailed information 
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ae IC SOCKETS 
a BURN-IN/TEST 


PERFORMANCE SPECIFICATIONS -QUAD FLAT PACK (CFPM SERIES) 


Mechanical 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 5000 cycles, 10 mQ max contact resistance 
change per MIL-STD 1344, Method 2016 

Solderability: per MIL-STD 202, Method 208 


Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 mQ. max initial 

Insulation resistance: 1.0 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 700 V ac rms per 
MIL-STD 1344, Method 3001.1 oe, 

Capacitance: 1.0 pF max per MiL-STD 202, Method 305 PART NUMBER SYSTEM 


Environmental 
Operating temperature: —65°C to 170°C ex + XxX xx — 
Humidity: 10 mQ max contact resistance change when as Rss 
tested per MIL-STD 202, Method 103B Variations 
Temperature soak: 10 mQ max contact resistance change A — 1.0mm & 
when exposed to 105°C temperature for 48 hours B— 0.8mm ¢ 
Shelf life: 12 months min contact spacing 
MATERIALS Number of Plating 
Body — CFP Series — PES (polyether sulfone) glass filled positions 37 — overall gold plate 


U/L 94 VO rating 
Temperature: —65°C to 170°C 
Contact — Beryllium copper 
Plating: Overall gold plate min 4 pin over min 70 pin nickel 
plating 
t one . . 
For additional plating option consult the factory. SMALL OUTLINE (J-LEADED) 


Dimensional drawings available from factory. 


Configuration 
M — Quad pack 


Tl socket 
Style PF — Flat pack 


SMALL OUT LINE FLAT PACK (CFPH/K SERIES) 


© 
~ 
G 
a) 
PART NUMBER SYSTEM | 
a nee: ae oe — 
= 
i] 
Number of positions * 
Tl series = 
PART NUMBER SYSTEM 
inset: XP = Ke 8 ; AVAILABLE SIZES 
Plating CFPH Series 14, 16, 18, 20 Flat Pack 
37 — overall gold plate CFPK Series 24, 28 ere 
Number of positions CFPM Series 64, 80 Quad Pack 


Configuration 
H — 14, 16, 18, 20 Positions CSJT Series 20, 26 
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Introduction 


The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic 
language that can show the relationship of each input of a digital logic circuit to each output without 
showing explicitly the internal logic. At the heart of the system is dependency notation, which will be 
explained in Section 4. 


The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32.14-1973. 
Lacking at that time a complete development of dependency notation, it offered little more than a 
substitution of rectangular shapes for the familiar distinctive shapes for representing the basic functions 
of AND, OR, negation, etc. This is no longer the case. 


Internationally, Working Group 2 of IEC Technical Committee TC-3 has prepared a new document 
(Publication 617-12) that consolidates the original work started in the mid 1960's and published in 1972 
(Publication 117-15) and the amendments and supplements that have followed. Similarly for the USA, 
IEEE Committee SCC 11.9 has revised the publication IEEE Std 91/ANSI Y32.14. Now numbered simply 
ANSI/IEEE Std 91-1984, the IEEE standard contains all of the IEC work that has been approved, and 
also a small amount of material still under international consideration. Texas Instruments is participating 
in the work of both organizations and this document introduces new logic symbols in accordance with 
the new standards. When changes are made as the standards develop, future editions will take those 
changes into account. 


The following explanation of the new symbolic language is necessarily brief and greatly condensed from 
what the standards publications now contain. This is not intended to be sufficient for those people who 
will be developing symbols for new devices. It is primarily intended to make possible the understanding 
of the symbols used in this data book and is somewhat briefer than the explanation that appears in 
several of Tl’s data books on digital logic. However, it includes a new section (6.0) that explains several 
symbols for actual devices in detail. This has proven to be a powerful learning aid. 


Symbol Composition 


A symbol comprises an outline or a combination of outlines together with one or more qualifying symbols. 
The shape of the symbols is not significant. As shown in Figure 1, general qualifying symbols are used 
to tell exactly what logical operation is performed by the elements. Table 1 shows general qualifying 
symbols defined in the new standards. Input lines are placed on the left and output lines are placed 
on the right. When an exception is made to that convention, the direction of signal flow is indicated 
by an arrow as shown in Figure 9. 


OUTLINE GENERAL QUALIFYING 
SYMBOL 
ioeecal 
+ oe 
INPUT OUTPUT 
LINES LINES 
* * 


*Possible positions for qualifying symbols relating to inputs and outputs 


Figure 1. Symbol Composition 
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Qualifying Symbols 
General Qualifying Symbols 
Table 1 shows general qualifying symbols defined by ANSI/IEEE Standard 91. These characters are placed 


near the top center or the geometric center of a symbol or symbol element to define the basic function 
of the device represented by the symbol or of the element. 


X/Y is the general qualifying symbol for identifying coders, code converters, and level converters. X 
and Y may be used in their own right to stand for some code or either or both may be replaced by some 
other indication of the code or level such as BCD or TTL. As might be expected, interface circuits make 
frequent use of this set of qualifying symbols. 


Table 1. General Qualifying Symbols 


SYMBOL DESCRIPTION 
& AND gate or function 
>1 OR gate or function. The symbol was chosen to indicate that at least one active input is needed to 


activate the output. 


=1 Exclusive OR. One and only one input must be active to activate the output. 
1 A simple 1-input gate or element 
Dord A buffer or element with more than usual output capability (symbol is oriented in the direction of 
signal flow). 
tT Schmitt trigger; element with hysteresis 
X/Y Coder, code converter, level converter 


The following are examples of subsets of this general class of qualifying symbol used in this book. 


BCD/7-SEG BCD to 7-segment display driver 

TTL/MOS TTL to MOS level converter 

CMOS/PLASMA DISP Plasma-display driver with CMOS-compatible inputs 

MOS/LED Light-emitting-diode driver with MOS-compatible inputs 

CMOS/VAC FLUOR DISP Vacuum-fluorescent display driver with CMOS-compatible 
inputs 

CMOS/EL DISP Electroluminescent display driver with CMOS-compatible 
inputs 

TTL/GAS DISCH DISPLAY Gas-discharge display driver with TTL-compatible inputs 

SRGm Shift register. m = number of bits. 


Qualifying Symbols for Inputs and Outputs 


Qualifying symbols for inputs and outputs are shown in Table 2 and many will be familiar to most users, 
a likely exception being the logic polarity symbol for directly indicating active-low inputs and outputs. 
The older logic negation indicator means that the external O state produces the internal 1 state. The 
internal 1 state means the active state. Logic negation may be used in pure logic diagrams; in order 
to tie the external 1 and Ologic states to the levels H (high) and L (low), a statement of whether positive 
logic (1 = H, O = L) or negative logic (1 = L, O = H) is being used is required or must be assumed. 
Logic polarity indicators eliminate the need for calling out the logic convention and are used in this data 
book in the symbology for actual devices. The presence of the triangle polarity indicator indicates that 
the L logic level will produce the internal 1 state (the active state) or that, in the case of an output, 
the internal 1 state will produce the external L level. Note how the active direction of transition for a 
dynamic input is indicated in positive logic, negative logic, and with polarity indication. 


When nonstandardized information is shown inside an outline, it is usually enclosed in square brackets 
[like these]. The square brackets are omitted when associated with a nonlogic input, which is indicated 
by an X superimposed on the connection line outside the symbol. 


3.3 


Table 2. Qualifying Symbols for Inputs and Outputs 
Logic negation at input. External O produces internal 1. 
Logic negation at output. Internal 1 produces external O. 
Active-low input. Equivalent to—o in positive logic 
Active-low output. Equivalent to b— in positive logic 
Active-low input in the case of right-to-left signal flow 
Active-low output in the case of right-to-left signal flow 


Signal flow from right to left. If not otherwise indicated, signal flow is from left to right. 


PthP PETS 


Bidirectional signal flow 


POSITIVE NEGATIVE POLARITY 
LOGIC LOGIC INDICATION 
i 1 0 
Pynamic not used 
inputs | | 
0) 1 


active H 
nal not used not used 


ee es: L 
indicated 1 @) H 
transition | | | 
@) 1 L 


Nonlogic connection. A label inside the symbol will usually define the nature of this pin. 


Input for analog signals (on a digital symbol) (see Figure 11) 


be +44 


Input for digital signals (on an analog symbol) (see Figure 11) 


Symbols Inside the Outline 


Table 3 shows some symbols used inside the outline. Note particularly that open-collector (open-drain), 
open-emitter (open-source), and three-state outputs have distinctive symbols. Also note that an EN input 
affects all of the outputs of the element and has no effect on inputs. An EN input affects all the external 
outputs of the element in which it is placed, plus the external outputs of any elements shown to be 
influenced by that element. It has no effect on inputs. When an enable input affects only certain outputs, 
affects outputs located outside the indicated influence of the element in which the enable input is placed, 
and/or affects one or more inputs, a form of dependency notation will indicate this (see 4.9). The effects 
of the EN input on the various types of outputs are shown. 


It is particularly important to note that a D input is always the data input of a storage element. At its 
internal 1 state, the D input sets the storage element to its 1 state, and at its internal O state it resets 
the storage element to its O state. 


The binary grouping symbol will be explained more fully in Section 6.11. Binary-weighted inputs are 
arranged in order and the binary weights of the least significant and the most significant lines are indicated 
by numbers. In this document weights of input and output lines will be represented by powers of two 
usually only when the binary grouping symbol is used, otherwise decimal numbers will be used. The 
grouped inputs generate an internal number on which a mathematical function can be performed or that 
can be an identifying number for dependency notation. This number is the sum of the weights 
(1, 2, 4. . .2") of those input standing at their 1 states. A frequent use is in addresses for memories. 


Reversed in direction, the binary grouping symbol can be used with outputs. The concept is analogous 
to that for the inputs and the weighted outputs will indicate the internal number assumed to be developed 
within the circuit. 
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Table 3. Symbols Inside the Outline 
—o Bithreshold input (input with hysteresis) 


ObK— N-P-N open-collector or similar output that can supply a relatively low- 
impedance L level when not turned off. Requires external 
pull-up. Capable of positive-logic wired-AND connection. 


ot— Passive-pull-up output is similar to N-P-N open-collector output but is 
supplemented with a built-in passive pull-up. 


O- + ye 


OK— N-P-N open-emitter or similar output that can supply a relatively low- 
impedance H level when not turned off. Requires external pull-down. 
Capable of positive-logic wired-OR connection. 


SH— Passive-pull-down output is similar to N-P-N open-emitter output but is 
supplemented with a built-in passive pull-down. 


<7 po 3-state output 


> pp Output with more than usual output capability (symbol is oriented in the direction of signal flow). 


— EN Enable input 


When at its internal 1-state, all outputs are enabled. 


When at its internal O-state, open-collector, open-emitter outputs, and three-state outputs at 
external high-impedance state, and all other outputs (i.e., totem-poles) are at the internal O-state. 


Je KyeoR;-S, Ft Usual meanings associated with flip-flops (e.g., R = reset, T = toggle) 
S 
— D Data input to a storage element equivalent to: Ta R 
—>m en Shift right (left) inputs, m = 1, 2, 3, etc. If m = 1, it is usually not shown. 
re . 
Binary grouping. m is highest power of 2. Produces a number equal to the sum of the weights 
m of the active inputs 
] Input line grouping . . . indicates two or more terminals used to implement a single logic input. 
! e.g., differential inputs. 


wo 
b 


Combinations of Outlines and Internal Connections 


When a circuit has one or more inputs that are common to more than one element of the circuit, the 
common-control.block may be used. This is the only distinctively shaped outline used in the IEC system. 
Figure 2 shows that unless otherwise qualified by dependency notation, an input to the common-control 
block is an input to each of the elements below the common-control block. 


COMMON-CONTROL BLOCK 


sjoqwAs 91607 jo uoneuesdxy 


©) 


Figure 2. Common-Control Block 
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The outlines of elements may be embedded within one another or abutted to form complex elements, 
in which case the following rules apply. There is no logic connection between elements when the line 
common to their outlines is in the direction of signal flow. There is at least one logic connection when 
the line common to two outlines is perpendicular to the direction of signal flow. If no indications are 
shown on either side of the common line, it is assumed that there is only one logic connection. If more 
than one internal connection exists between adjacent elements, the number of connections will be clarified 
by the use of one or more of the internal connection symbols from Table 4 and/or appropriate qualifying 
symbols or dependency notation. 


Table 4. Symbols for Internal Connections 


f Internal connection. 1 state on left produces 1 state on right. 

6) Negated internal connection. 1 state on left produces O state on right. 
sal Dynamic internal connection. Transition from O to 1 on left produces transitory 1 state on 
---i--- right. 
Se Dynamic internal connection. Transition from 1 to O on left produces transitory 1 state on 
ia 5 ie ed right. 


Table 4 shows symbols that are used to represent internal connection with specific characteristics. The 
first is a simple noninverting connection, the second is inverting, the third is dynamic. As with this symbol 
and an external input line, the transition from O to 1 on the left produces a momentary 1-state on the 
right. The fourth symbol is similar except that the active transition on the left is from 1 to O. 


Only logic states, not levels, exist inside symbols. The negation symbol (O) is used internally even when 
direct polarity indication (CX) is used externally. 


In an array of elements, if the same general qualifying symbol and the same qualifying symbols associated 
with inputs and outputs would appear inside each of the elements of the array, these qualifying symbols 
are usually shown only in the first element. This is done to reduce clutter and to save time in recognition. 
Similarly, large identical elements that are subdivided into smaller elements-may each be represented 
by an unsubdivided outline. The SN75163B symbol (see 6.8) illustrates this principle. 


Dependency Notation 


Some readers will find it more to their liking to skip this section and proceed to the explanation of the 
symbols for a few actual devices in 6.0. Reference will be made there to various parts of this section 
as it is needed. If this procedure is followed, it is recommended that 5.0 be read after 6.0 and then 
all of 4.0 be reread. 


General Explanation 


Dependency notation is the powerful tool that sets the IEC symbols apart from previous systems and 
makes compact, meaningful, symbols possible. It provides the means of denoting the relationship 
between inputs, outputs, or inputs and outputs without actually showing all the elements and 
interconnections involved. The information provided by dependency notation supplements that provided 
by the qualifying symbols for an element’s function. 


In the convention for the dependency notation, use will be made of the terms ‘‘affecting”’ and ‘‘affected.”’ 
In cases where it is not evident which inputs must be considered as being the affecting or the affected 
ones (e.g., if they stand in an AND relationship), the choice may be made in any convenient way. 
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So far, eleven types of dependency have been defined but only the eight used in this book are explained. 
They are listed below in the order in which they are presented and are summarized in Table 5 following 


4.10.2. 
Section Dependency Type or Other Subject 
4.2 G, AND. 
4.3 General Rules for Dependency Notation 
4.4 V, OR 
4.5 N, Negate (Exclusive-OR) 
4.6 Z, Interconnection 
4.7 X, Transmission 
4.8 C, Control 
4.9 EN, Enable 


4.10 M, Mode 


4.2 G (AND) Dependency 


A common relationship between two signals is to have them ANDed together. This has traditionally 
been shown by explicitly drawing an AND gate with the signals connected to the inputs of the gate. 
The 1972 IEC publication and the 1973 IEEE/ANSI standard showed several ways to show this AND 
relationship using dependency notation. While ten other forms of dependency have since been defined, 
the ways to invoke AND dependency are now reduced to one. 


In Figure 3 input b is ANDed with input a and the complement of b is ANDed with c. The letter G has 
been chosen to indicate AND relationships and is placed at input b, inside the symbol. A number 
considered appropriate by the symbol designer (1 has been used here) is placed after the letter G and 
also at each affected input. Note the bar over the 1 at input c. 


Co 

) 
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Figure 3. G Dependency Between Inputs 
In Figure 4, output b affects input a with an AND relationship. The lower example shows that it is the 


internal logic state of b, unaffected by the negation sign, that is ANDed. Figure 5 shows input a to be 
ANDed with a dynamic input b. 
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Figure 5. G Dependency with a Dynamic Input 
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4.4 


The rules for G dependency can be summarized thus: 


When a Gm input or output (™ is a number) stands at its internal 1 state, all inputs and outputs affected 
by Gm stand at their normally defined internal logic states. When the Gm input or output stands at 
its O state, all inputs and outputs affected by Gm stand at their internal O states. 

Conventions for the Application of Dependency Notation in General 


The rules for applying dependency relationships in general follow the same pattern as was illustrated 
for G dependency. 


Application of dependency notation is accomplished by: 


1. Labeling the input (or output) affecting other inputs or outputs with the letter symbol indicating 
the relationship involved (e.g., G for AND) followed by an identifying number, appropriately 
chosen, and 

2. Labeling each input or output affected by that affecting input (or output) with that same number. 


If it is the complement of the internal logic state of the affecting input or output that does the affecting, 
then a bar is placed over the identifying numbers at the affected inputs or outputs (Figure 3). 


If two affecting inputs or outputs have the same letter and same identifying number, they stand in an 
OR relationship to each other (Figure 6). 


Figure 6.. ORed Affecting Inputs 
If the affected input or output requires a label to denote its function (e.g., ‘’D’’), this label will be prefixed 
by the identifying number of the affecting input (Figure 12). 


If an input or output is affected by more than one affecting input, the identifying numbers of each of 
the affecting inputs will appear in the label of the affected one, separated by commas. The normal reading 
order of these numbers is the same as the sequence of the affecting relationships (Figure 12). 


V (OR) Dependency 


The symbol denoting OR dependency is the letter V (Figure 7). 


When a Vm input or output stands at its internal 1 state, all inputs and outputs affected by Vm stand 
at their internal 1 states. When the Vm input or output stands at its internal O state, all inputs and outputs 
affected by Vm stand at their normally defined internal logic states. 


Figure 7. V (OR) Dependency 
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4.5 N (Negate) (Exclusive-OR) Dependency 


The symbol denoting negate dependency is the letter N (Figure 8). Each input or output affected by 
an Nm input or output stands in an Exclusive-OR relationship with the Nm input or output. 


When an Nm input or output stands at its internal 1 state, the internal logic state of each input and 
each output affected by Nm is the complement of what it would otherwise be. When an Nm input or 
output stands at its internal O state, all inputs and outputs affected by Nm stand at their normally defined 


internal logic states. 
b 
[ = | 
— c _ 
c 
a a 


ifa=0, thenc=b 


Ifa=1, thenc=b 


ate 


Figure 8. N (Negate) (Exclusive-OR) Dependency 


4.6 Z (Interconnection) Dependency 
The symbol denoting interconnection dependency is the letter Z. 


Interconnection dependency is used to indicate the existence of internal logic connections between inputs, 
outputs, internal inputs, and/or internal outputs. 


The internal logic state of an input or output affected by a Zm input or output will be the same as the 
internal logic state of the Zm input or output, unless modified by additional dependency notation (Figure 9). 


SC] b= 


op 


fs = Chi — ee 


fa 


cs 


chee = SSR 


Figure 9. Z (Interconnection) Dependency 
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X (Transmission) Dependency 
The symbol denoting transmission dependency is the letter X. 


Transmission dependency is used to indicate controlled bidirectional connections between affected 
input/output ports (Figure 10). 


When an Xm input or output stands at its internal 1 state, all input-output ports affected by this Xm 
input or output are bidirectionally connected together and stand at the same internal logic state or analog 
signal level. When an Xm input or output stands at its internal O state, the connection associated with 
this set of dependency notation does not exist. 


if a = 1, there is a bidirectional 
connection between b and c. 


if a = O, there is a bidirectional 
connection between c and d. 


Figure 10. X (Transmission) Dependency 


Although the transmission paths represented by X dependency are inherently bidirectional, use is not 
always made of this property. This is analogous to a piece of wire, which may be constrained to carry 
current in only one direction. If this is the case in a particular application, then the directional arrows 
shown in Figures 10 and 11 would be omitted. 


MUXDMUX 


0 
come 


0/1/2/3 


Figure 11. Analog Data Selector (Multiplexer/Demultiplexer) 


C (Control) Dependency 
The symbol denoting control dependency is the letter C. 


Control inputs are usually used to enable or disable the data (D, J, K, R, or S) inputs of storage elements. 
They may take on their internal 1 states (be active) either statically or dynamically. In the latter case 
the dynamic input symbol is used as shown in the second example of Figure 12. 


When a Cm input or output stands at its internal 1 state, the inputs affected by Cm have their normaily 
defined effect on the function of the element, i.e., these inputs are enabled. When a Cm input or output 
stands at its internal O state, the inputs affected by Cm are disabled and have no effect on the function 
of the element. 


Explanation of Logic Symbols 
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3 oH ; 3 aie 
1D | & 


a CF 

b 1D 

a C1 a G1 
b—C2 = b—1c2. = 
c 1,2D c 


Note AND relationship of a and b 


Figure 12. C (Control) Dependency 


EN (Enable) Dependency 
The symbol denoting enable dependency is the combination of letters EN. 


An ENm input has the same effect on outputs as an EN input, see 3.3, but it affects only those outputs 
labeled with the identifying number m. It also affects those inputs labeled with the identifying number 
m. By contrast, an EN input affects all outputs and no inputs. The effect of an ENm input on an affected 
input is identical to that of a Cm input (Figure 13). 


If a = 0, input b and output c are disabled and e = d 
if a= 1, output d is disabled and e = c 


Figure 13. EN (Enable) Dependency 


When an ENm input stands at its internal 1 state, the inputs affected by ENm have their normally defined 
effect on the function of the element and the outputs affected by this input stand at their normally defined 
internal logic states, i.e., these inputs and outputs are enabled. 


When an ENm input stands at its internal O state, the inputs affected by ENm are disabled and have 
no effect on the function of the element, and the outputs affected by ENm are also disabled. Open- 
collector outputs are turned off, three-state outputs stand at their high-impedance state, and all other 
outputs (e.g., totem-pole outputs) stand at their internal O states. 


M (MODE) Dependency 


The symbol denoting mode dependency is the letter M. 


Mode dependency is used to indicate that the effects of particular inputs and outputs of an element 
depend on the mode in which the element is operating. 


If an input or output has the same effect in different modes of operation, the identifying numbers of 
the relevant affecting Mm inputs will appear in the label of that affected input or output between 
parentheses and separated by solidi, e.g., (1/2)CT =O = 1CT=0/2CT =O where 1 and 2 refer to M1 
and M2. 


4.10.1 


M Dependency Affecting Inputs 

M dependency affects inputs the same as C dependency. When an Mm input or Mm output stands at 
its internal 1 state, the inputs affected by this Mm input or Mm output have their normally defined effect 
on the function of the element, i.e., the inputs are enabled. 


When an Mm” input or Mm output stands at its internal O state, the inputs affected by this Mm input 
or Mm output have no effect on the function of the element. When an affected input has several sets 
of labels separated by solidi (e.g., C4/2—/3 +), any set in which the identifying number of the Mm input 


or Mm output appears has no effect and is to be ignored. This represents disabling of some of the functions 


of a multifunction input. 


The circuit in Figure 14 has two inputs, b and c, that control which one of four modes (0, 1, 2, or 3) 
will exist at any time. Inputs d, e, and f are D inputs subject to dynamic control (clocking) by the a 
input. The numbers 1 and 2 are in the series chosen to indicate the modes so inputs e and f are only 
enabled in mode 1 (for parallel loading) and input d is only enabled in mode 2 (for serial loading). Note 
that input a has three functions. It is the clock for entering data. In mode 2, it causes right shifting 
of data, which means a shift away from the control block. In mode 3, it causes the contents of the 
register to be incremented by one count. 


Note that all operations are synchronous. 


S C4/2 +/3+ In MODE 0 (b = 0, c = 0), the outputs 
remain at their existing states as none 

of the inputs has an effect. 

in MODE 1 (b = 1, c = O), parallel loading 
takes place thru inputs e and f. 

In MODE 2 (b = 0, c = 1), shifting down 
and serial loading thru input d take place. 
In MODE 3 (b = c = 1), counting up by 
increment of 1 per clock pulse takes place. 


Figure 14. M (Mode) Dependency Affecting Inputs 


4.10.2 M Dependency Affecting Outputs 


When an Mm input or Mm output stands at its internal 1 state, the affected outputs stand at their normally 
defined internal logic states, i.e., the outputs are enabled. 


When an Mm input or Mm output stands at its internal O state, at each affected output any set of labels 
containing the identifying number of that Mm input or Mm output has no effect and is to be ignored. 
When an output has several different sets of labels separated by solidi (e.g., 2,4/3,5), only those sets 
in which the identifying number of this Mm input or Mm output appears are to be ignored. 


Figure 15 shows a symbol for a device whose output 
can behave like either a 3-state output or an open- 
collector output depending on the signal applied to . M1 
input a. Mode 1 exists when input a stands at its b 
internal 1 state and, in that case, the three-state 

symbol applies and the open-element symbol has no c 19/12 d 
effect. When a = O, mode 1 does not exist so the 

three-state symbol has no effect and the open- Figure 15. Type of Output 
element symbol applies. 


D> 


Determined by Mode 
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Table 5. Summary of Dependency Notation 


TYPE OF LETTER AFFECTING INPUT AFFECTING INPUT 
DEPENDENCY SYMBOL* AT ITS 1-STATE AT ITS 0-STATE 


Control | __C | Permits action | Preventsaction 
G 
V 


Permits action 


Other outputs at internal O state 


jm Prevents action of inputs 


© outputs turned off 
Negate (Ex-NOR) Bat Bal 


V outputs at external high impedance 


Transmission Bidirectional connection exists Bidirectional connection does not exist 


: imposes 1 state Imposes 0 state 


* These letter symbols appear at the AFFECTING input (or output) and are followed by a number. Each input (or output) 
AFFECTED by that input is labeled with that same number. 


Bistable Elements 


The dynamic input symbol and dependency notation provide the tools to identify different types of bistable 
elements and make synchronous and asynchronous inputs easily recognizable (Figure 16). 


Transparent latch with true and complement outputs 


as C goes from 1 to 0 


C - 
D e 
Cc Edge-triggered flip-flop, D input enabled momentarily 


Edge-triggered flip-flop, D input enabled momentarily 
as C goes from low to high. Asynchronous active-low 
set and reset inputs. Active-low output 


R R 

Cc C1 Same flip-flop shown in positive logic 
D 1D 

$s S 


Figure 16. Latches and Flip-Flops 


Transparent latches have a level-operated control input. The D input is active as long as the C input 
is at its internal 1 state. The outputs respond immediately. Edge-triggered elements accept data from 
D, J, K, R, or S inputs on the active transition of C. 


Notice that synchronous inputs can be readily recognized by their dependency labels (a number preceding 
the functional label, 1D in these examples) compared to the asynchronous inputs (S and R), which are 
not dependent on the C inputs. Of course if the set and reset inputs were dependent on the C inputs, 
their labels would be similarly modified (e.g., 1S, 1R). 


6 Examples of Actual Device Symbols 


The symbols explained in this section include some of the most complex in this book. These were chosen, 
not to discourage the reader, but to illustrate the amount of information that can be conveyed. It is 
likely that if one reads these explanations and follows them reasonably well, most of the other symbols 
will seem simple indeed. The explanations are intended to be independent of each other so they may 

‘seem somewhat repetitious. However each illustrates new principles. They are arranged more or less 
in the order of complexity. 


6.1 UDN2841 High-Current Darlington Drivers 


There are four identical sections. The emitters of the 


3 are connected together and share pins 4, 5, 12, 
and 13. The triangular qualifying symbol ( D ) 
indicates amplification, the principal function of the 
device. 


An extension of symbology used for analog devices 
has been used to show the output transistors. The 
emitter and collector terminals are lined up with the 


21N terminals to which they are connected. 


6.2 SN75437 Quadruple Peripheral Driver 


There are four identical sections. The symbology is 
complete for the first element; the absence of any 
symbology for the other elements indicates they are 
identical. The top two elements share a common 
output clamp, pin 2. This is shown to be a nonlogic 
connection by the superimposed X on the line. The 
function for this type of connection is indicated 
briefly and not necessarily exactly by a small amount 
of text within the symbol. The bottom two elements 
likewise share a common clamp. 


Each element is shown to be an inverter with 
amplification (indicated by [> ). Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals, or the output has 
greater drive capability than usual. The latter applies 
in this case. The output is shown by Q to be open 
collector. 


All the outputs share a common EN input, pin 14. See Figure 2 for an explanation of the common control 
block. When EN = O (pin 14 is low), the outputs, being open-collector types, are turned off and would 
be pulled high by an external pullup resistor. 


C-17 


output transistors of the elements numbered 1 and . 


Explanation of Logic Symbols 
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6.3. TL607 Analog Switch with Enable 


This device is basically two single-pole, single- 
throw (SPST) switches connected between pins 4 
and 6 and pins 4 and 7. This is indicated using X 
(Transmission) dependency, which is explained in 
4.7. When the internal input X2 stands at its 1-state, 
a bilateral connection exists between those points 
affected by X2: pins 4 and 7. The 1 at pins 4 and 
6 means they are affected by X1; X1 must stand at 
the 1-state to establish a connection between them. 


The numeral 3 in front of X1 and X2 indicates that 

both of these internal inputs are themselves affected 
by affecting input number 3, which is G3. This is coincidently pin number 3. This means that both the 
active-high branch of pin 2 (X1) and the active-low branch (X2) are ANDed with pin 3. See 4.2 for an 
explanation of G (AND) dependency. If pin 3 is low, both X1 and X2 will be at the O-state and both 
switches will be off. If pin 3 is high and pin 2 is high, X1 will be at the 1-state, X2 will be at the O-state, 
and only the switch between pins 4 and 6 will be on. If pin 3 is high and pin 2 is low, X1 will be at 
the O-state, X2 will be at the 1-state, and only the switch between pins 4 and 7 will be on. 


6.4 SN75128 8-Channel Line Receiver 


There are eight identical sections. The symbology is 
complete for the first element; the absence of any 
symbology for the next three elements indicates they 
are identical. Likewise the symbology is complete for 
the fifth element; the absence of any symbology for 
the next three elements indicates they are identical 
to the fifth. 


Each element is shown to be an inverter with 
amplification (indicated by DB ). Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals, or the output has 
greater drive capability than usual. The former 
applies in this case. Since neither the symbol for 
open-collector ( © ) or 3-state ( Y ) outputs is 
shown, the outputs are of the totem-pole type. 


The top four outputs are shown to be affected by affecting input number 1, which is EN1, meaning 
they will be enabled if EN1 = 1 (pin 1 is high). See 4.9 for an explanation of EN dependency. If pin 
1 is low, EN1 = O and the affected outputs will go to their inactive (high) levels. Similarly, the lower 
four outputs are controlled by pin 11. 
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°6.5 $N75122 Triple Line Receivers 


There are two identical sections. The symbology is 
complete for the first section; the absence of any 
symbology for the next section indicates it is 
identical. Likewise the symbology is complete for the 
third section, which is similar, but not identical, to 
the first and second. 


The top section may be considered to be an OR 
element (=1) with two embedded ANDs (&), one of 
which has an active-low amplified input ( DB ) with 
hysteresis (LT ), pin 14. This is ANDed with pin 15 
and the result is ORed with the AND of pins 1 and 
2. The output of the OR, pin 13, is active-low. 


The third section is identical to the first except that 
pin 12 has no input ANDed with it. Since neither the 
symbol for open-collector ( © ) or 3-state ( 7 ) 
outputs is shown, the outputs are of the totem-pole 


type. 


6.6 DS8831 Quad Single-Ended or Dual Differential Line Drivers 


MC1 
MC2 


1,2G1 
1,2G2 


3,4G1 
3,4G2 


1A 
2A 
3A 
4A 


There are four similar elements in the array. Each 
element is shown to be noninverting with 
amplification (indicated by >). Taking TTL as a 
reference, this means that either the input is 
sensitive to lower level signals or the output has 
greater drive capability than usual. The latter applies 
in this case. The outputs are shown by VY to be of 
the 3-state type. 


The top two outputs are shown to be affected by 
affecting input number 2, which is EN2, meaning 
they will be enabled if EN2 = 1. See 4.9 for an 
explanation of EN dependency. If EN2 = O, the 
affected outputs will go to their high-impedance (off) 
states. EN2 is the output of an AND gate (indicated 
by &) whose active-low inputs are pins 1 and 2. Both 
pins 1 and 2 must be low to enable pins 3 and 5. 
Likewise both pins 14 and 15 must be low to enable 
pins 11 and 13 through ENS. 


Input pins 6 and 10 are shown to be affected by affecting input number 1, which is N1, meaning they 
will be negated if N1 = 1. See 4.5 for an explanation of N (negate or exclusive-OR) dependency. If 
N1 = O, the input signals are not negated. N1 is the output of an OR gate (indicated by =>1) whose 
active-high inputs are pins 7 and 9. Thus if either of these pins are high, then the second and third elements 


become inverters. 


ees, 
© 
2 
er 
a 
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S$N75113 Differential Line Drivers with Split 3-State Outputs 


There are two similar elements in the array. The first 
is a 2-input AND element (indicated by &); the 
second has only a single input. Both elements are 
shown to have special amplification (indicated 
by — ). Taking TTL as a reference, this means that 
either the input is sensitive to lower level signals, or 
the output has greater drive capability than usual. 
The latter applies in this case. 


Each element has four outputs. Pins 4 and 3 are a 
pair consisting of one open-emitter output ( O ) and 
one open-collector output ( © ). Relative to the AND 
function, both are active high. Pins 1 and 2 are a - 
similar pair but relative to the AND function, both are 
active low. All outputs of a single, unsubdivided 
element always have identical internal logic states 
determined by the function of the element except 
when otherwise indicated by an associated symbol 
or label inside the element. Here there is no such 
contrary indication. All four outputs are shown to be 
affected by affecting input number 1, which is EN1, 
meaning they will all be enabled if EN1 = 1. See 4.9 for an explanation of EN dependency. If EN1 = 0, 
all the affected outputs will be turned off. EN1 is the output of an AND gate (indicated by &) whose 
active-high inputs are pins 7 and 9. Both pins 7 and 9 must be high to enable the outputs of the top 
element. Assuming they are enabled and that pins 5 and 6 are both high, the internal state of all four 
outputs will be a 1. Pins 4 and 3 will both be high, pins 1 and 2 will both be low. The part is designed 
so that pins 3 and 4 may be connected together creating an active-high 3-state output. Likewise pins 
1 and 2 may be connected together to create an active-low 3-state output. 


All that has been said about the first element regarding its outputs and their enable inputs also applies 
to the second element. Pins 9 and 10 are the enable inputs in this case. 


SN75163B Octal General-Purpose Interface Bus Transceiver 


There are eight I/O ports on each side, pins 2 through 
9 and 12 through 19. There are eight identical 
channels. The symbology is complete for the first 
channel; the absence of any symbology for the other 
channels indicates they are identical. The eight 
bidirectional channels each have amplification from 
left to right, that is, the outputs on the right have 
B1 increased drive capability (indicated by Db), and the 


M1 [3S] 
M2 [0C] 

EN3 [XMT] 
EN4 [RCV] 


> 
3 (1 W/2¢) 
ve ee ee 


(2) 


inputs on the right all have hysteresis (indicated 
D2 B2 by.t7). 
D3 B3 
iy os The outputs on the left are shown to be 3-state 
D5 B5 outputs by the VY. They are also shown to be 


affected by affecting input number 4, which is EN4, 


D6 B6 
D7 B7 meaning they will be enabled if EN4 = 1 (pin 1 is 
D8 3R low). See 4.9 for an explanation of EN dependency. 


IfEN4 = O (pin 1 is high), the affected outputs will 
go to their high-impedance (off) states. 


The labeling at pin 2, which applies to all the outputs on the right, is unusual because the outputs 
themselves have an unusual feature. The label includes both the symbol for a 3-state output (V7) and 
for an open-collector output (©), separated by a slash indicating that these are alternatives. 


6.9 


The symbol for the 3-state output is shown to be affected by affecting input number 1, which is M1, 
meaning the V label is valid when M1 = 1 (pin 11 is high), but is to be ignored when M1 = 0 (pin 
11 is low). See 4.10 for an explanation of M (mode) dependency. Likewise the symbol for the open- 
collector output is shown to be affected by affecting input number 2, which is M2, meaning the @ 
label is valid when M2 = 1 (pin 11 is low), but is to be ignored when M2 = O (pin 11 is high). These 
labels are enclosed in parentheses (used as in algebra); the numeral 3 indicates that in either case the 
output is affected by EN3. Thus the right-hand outputs will be off if pin 1 is low. It can now be seen 
that pin 1 is the direction control and pin 11 is used to determine whether the outputs are of the 3-state 
or open-collector variety. 


SN75161B Octal IEEE Std 488 Interface Bus Transceiver 


There are eight I/O ports on each side, pins 2 through 
9 and 12 through 19. Pin 13 is not only an I/O port; 
the line running into the common-control block (see 
Figure 2) indicates that it also has control functions. 
Pins 1 and 11 are also controls. The eight 
bidirectional channels each have amplification from 
left to right, that is, the outputs on the right have 
increased drive capability (indicated by D>), and the 
inputs on the right all have hysteresis (indicated 
byf7). All of the outputs are shown to be of the 
3-state type by the V symbol except for the outputs 
at pins 9, 4, and 5, which are shown to have passive 
pullups by the @ symbol. 


Starting with a typical I/O port, pin 18, the output 
portion is identified by an arrow indicating right-to- 
left signal flow and the three-state output symbol 
(V). This output is shown to be affected by 
affecting input number 1, which is EN1, meaning it 
will be enabled as an output if EN1 = 1 (pin 11 is 
high). See 4.9 for an explanation of EN dependency. 
If pin 11 is low, EN1 = O and the output at pin 18 
will be in its high-impedance (off) state. This also applies to the 3-state outputs at pins 13 and 19 and 
to the passive-pullup output at pin 9. On the other hand, the outputs at pins 8, 2, 3, and 12 all are 
affected by the complement of EN1. This is indicated by the bar over the 1 at each of those outputs. 
They are enabled only when pin 11 is low. Thus one function of pin 11 is to serve as direction control 
for the first, third, fourth, and fifth channels. 


Similarly it can be seen that pin 1 serves as direction control for the sixth, seventh, and eighth channels. 
If pin 1 is high, transmission will be from left to right in the sixth channel, right to left in the seventh 
and eighth. These transmissions are reversed if pin 1 is low. 


The direction control for the second channel, EN3, is more complex. EN3 is the output of an OR (21) 
function. One of the inputs to this OR is the active-high signal on pin 13. This signal is shown to be 
affected at the input to the OR gate by affecting input number 5, which is G5, meaning that pin 13 
is ANDed with pin 1 before entering the OR gate. See 4.2 for an explanation of G (AND) dependency. 
The other input to the OR is the active-low signal on pin 13. This signal is ANDed with the complement 
of pin 11 before entering the OR gate. This is indicated by the G4 at pin 1 and the 4 with a bar over 
it at pin 13. Thus for EN3 to stand at the 1 state, which would enable transmission from pin 14 to pin 7, 
both pins 13 and 1 must be high or both pins 13 and 11 must be low. 
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6.10 SN5520 Dual-Channel Sense Amplifier with Complementary Outputs 


There are two input channels. The symbology is 


+ Vref complete for the first channel; the absense of any 
— Vref symbology for the second channel indicates it is 
Gove identical. 

The square bracket around the input lines connected 

SA to pins 2 and 3 shows they constitute a single input 
Al pair. The +/— by one line and the —/+ by the other 
indicate that these are differential inputs, and in this 

A2 case, only the magnitude and not the polarity of the 
SB applied voltage affects the device. The differential 
B1 inputs connected to pins 5 and 4 supply the 
B2 reference voltage for both channels; see Figure 2 for 


an explanation of the common-control block. The 
differential input of each channel constitutes one 
input of an AND gate (indicated by &). The other 
input to the AND gate is pin 15 or 11. The outputs 
of the two AND gates go to an OR gate (indicated 
by =1). Pin 14 is also an input to this OR gate and is shown by the G. symbol to be active 
when low. Thus if a voltage greater in magnitude than Vref is applied to either channel along with a 
high-level voltage to the respective ‘’S”’ input, or if pin 14 is low, then the output at pin 13 will be high. 


Gy 
GZ 


Pin 12 is shown to be the complement of pin 13 except that pin 12 is shown by its label ‘’1”’ to also 
be affected by pin 10 (G1) in an AND relationship. See 4.2 for an explanation of G (AND) dependency. 
Thus if pin 10 is low, it imposes the internal O state or external high level on pin 12. 


Pins 5, 4, and 1 are all shown to be nonlogic connections by the small X superimposed on those lines. 
The function of such a connection is indicated briefly and not necessarily very exactly by a small amount 
of text within the symbol. Pin 1 is a connection for an external capacitor. The function of pins 5 and 
4 was explained above. 
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SN75500E AC Plasma Display Driver with CMOS-Compatible Inputs 


CMOS/PLASMA DISP The heart of this device and its symbol is an 8-bit 
shift register. It has a single D input, pin 2, which 
is shown to be affected by affecting input number 9, 
which is C9, meaning it will be enabled if C9 = 1. 
See 4.8 for an explanation of C dependency and 5.0 
for a discussion of bistable elements. Since the C 
input is dynamic, the storage elements are edge- 
triggered flip-flops. While C9 = 1, which in this case 
will occur on the transition of pin 3 from low to high, 
the state of the D input will be stored. Pin 2 is shown 
to be active low so to store a 1, pin 2 must be low. 


In addition to controlling the D input, pin 3 is shown 
by /> to have an additional function. As pin 3 goes 
from low to high, data stored in the shift register is 
shifted one position. The right-pointing arrow means 
that the data is shifted away from the control block 
(down). 


On the right side of the symbol an abbreviation 
technique has been used that is practical only when 
the internal labels and the pin numbers are both consecutive. Thus it should be clear that the input of 
the element whose output is pin 5 is affected by affecting input number 2, just as the input of the element 
whose output is pin 4 is affected by affecting input number 1. Affecting inputs 1 through 8 are Z inputs 
(Z1 through Z8), which means their signals are tranferred directly to the output elements: See 4.6 for 
an explanation of Z dependency. 


The inputs of the 32 implicitly shown output elements are also shown to be affected by affecting inputs 
numbers 11, 12, 13, and 14 in four blocks of eight each. These inputs will be found in the common 
control block preceded by a letter G and a brace. The brace is called the binary grouping symbol. It 
is equivalent to a decoder with outputs in this case driving four G inputs (G11, G12, G13, and G14). 
The weights of the inputs to the coder are shown to be 29 and 21 for pins 1 and 39, respectively. The 
decoder has four outputs corresponding to the four possible sums of the weights of the activated decoder 
inputs. If pins 1 and 39 are both low, the sum of the weights = O and G11 = 1. If pin 1 is low while 
pin 39 is high, the sum = 2 and G13 = 1 and so forth. G indicates AND dependency, see 4.2. Only 
one of the four affecting G inputs at a time can take on the 1 state. The block of eight output elements 
affected by that G input are enabled; the O state is imposed on the other 24 output elements and externally 
those output pins are low. 


Because of their high-current, high-voltage characteristics, the outputs are labeled with the amplification 
symbol B. All the outputs share a common EN input, pin 38. See Figure 2 for an explanation of the 
common control block. When EN = 0 (pin 38 is high), the outputs take on their internal O states. Being 
active high, that means they are forced low. 
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6.12 SN75551 Electroluminescent Row Driver with CMOS-Compatible Inputs 


SUBSTRATE (21) 


C-24 


CMOS/EL DISP The heart of this device and its symbol is a 
[<2 SOURCE SUPPLY] 32-bit shift register. It has a single D input, 
pin 24, which is shown to be affected by 
affecting input number 1, which is C1, 
meaning it will be enabled if C1 = 1. See 4.8 
for an explanation of C dependency and 5.0 
for a discussion of bistable elements. Since 
the C input is dynamic, the storage elements 
are edge-triggered flip-flops. While C1 = 1, 
° which.in this case will occur on the transition 
015 of pin 20 from high to low, the state of the 
016 D input will be stored. Pin 24 is shown to be 
° active high so to store a 1, pin 24 must be 
high. 


Q32 In addition to controlling the D input, pin 20 
SERIAL OUT is shown by /> to have an additional function. 

As pin 20 goes from high to low, data stored 

in the shift register is shifted one position. The 
right-pointing arrow means that the data is shifted away from the control block (down). The internal 
inputs of the output buffers are all shown to be affected by affecting inputs 2 and 3. Affecting input 
2 is G2, meaning that pin 19 is ANDed with each of the internal register outputs, which are the buffer 
inputs. If pin 19 is high, the affected buffer inputs are enabled. If pin 19 is low, the O state is imposed 
on the affected buffer inputs. See 4.2 for an explanation of G (AND) dependency. Affecting input 3 
is V3, meaning that pin 23 (active low) is ORed with each of the internal register outputs. If pin 23 
is high, V3 = O and the affected buffer inputs are enabled. If pin 23 is low, V3 = 1 and the 1 state 
is imposed on the affected buffer inputs. See 4.4 for an explanation of V (OR) dependency. The effect 
of V3 is taken into account after that of G2 because of the order in which the labels appear. This means 
that the imposition of the 1 state on the internal buffer inputs by pin 23 would take precedence over 
the imposition of the O state by pin 19 in case both inputs were active. Pin 18 is shown to be an output 
directly from the thirty-second stage of the shift register. Pins 19 and 23 do not affect this output. 


An abbreviation technique has been used for the shift register elements and associated the output lines. 
This technique is practical only when the pin numbers and pin names are both consecutive. 


The symbol © designates an n-p-n open-collector or similar output. In this device, the outputs are actually 
open-drain n-channel field-effect transistors. Instead of being grounded, the sources of these transistors 
are all connected to pin 21. This pin is used as an input to control the output voltage. 
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WISCONSIN: Brookfield: 450 N. Sunny Slope, 
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(416) 884-9181; St. Laurent: Ville St. Laurent Quebec, 
9460 Trans Canada Hwy., St. Laurent, Quebec, 
Canada H4S1R7, (514) 335-8392. 


ARGENTINA: Texas Instruments Argentina 
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FINLAND: Texas Instruments Finland OY: 
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1-3133. 


FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05, 06270 Villeneuve-Loubet, 
(93) 20-01-01; Paris Office, BP 67 8-10 Avenue 
Morane-Saulinier, 78141 Velizy-Villacoublay, 

(3) 946-97-12; Lyon Sales Office, L’Oree D’Ecully, 
Batiment B, Chemin de la Forestiere, 69130 Ecully, 
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31100 Toulouse, (61) 44-18-19: Marseille Sales Office, 
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GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
D-8050 Freising, 8161 + 80-4591; Kurfuerstendamm 
195/196, D-1000 Berlin 15, 30 + 882-7365; Ill, Hagen 
43/Kibbelstrasse, .19, D-4300 Essen, 201-24250; 
Frankfurter Allee 6-8, D-6236 Eschborm 1, 
06196 + 8070; Hamburgerstrasse 11, D-2000 Hamburg 
76, 040 + 220-1154, Kirchhorsterstrasse 2, D-3000 
Hannover 51, 511 +648021; Maybachstrabe 11, 
D-7302 Ostfildern 2-Nelingen, 711 +547001; 
Mixikoring 19, D-2000 Hamburg 60, 40 + 637 + 0061; 
Postfach 1309, Roonstrasse 16, D-5400 Koblenz, 

261 + 35044. 


HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722-1223. 


IRELAND: Texas Instruments (Ireland) Limited: 
eet Rd., Stillorgan, County Dublin, Eire, 
1 831311. 


ITALY: Texas Instruments Semiconduttori Italia Spa: 
Viale Delle Scienze, 1, 02015 Cittaducale (Rieti), 
Italy, 746 694.1; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6 + 9003241; Viale 
Europa, 38-44, 20093 Cologno Monzese (Milano), 

2 2532541; Corso Svizzera, 185, 10100 Torino, Italy, 
ener Via J. Barozzi 6, 40100 Bologna, Italy, 51 

1. 


JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 
Fuji Bidg., 6-12, Kita Aoyama 3-Chome, Minato-ku, 
Tokyo, Japan 107, 3-498-2111; Osaka Branch, 5F, 
Nissho Iwai Bidg., 30 Imabashi 3- Chome, 
Higashi-ku, Osaka, Japan 541, 06-204-1881; Nagoya 
Branch, 7F Daini Toyota West Blidg., 10-27, Meieki 
4-Chome, Nakamura-ku Nagoya, Japan 

450, 52-583-8691. 


KOREA: Texas Instruments Supply Co.: 3rd Floor, 
Samon Bidg., Yuksam-Dong, Gangnam-ku, 
135 Seoul, Korea, 2 + 462-8001. 


MEXICO: Texas Instruments de Mexico S.A.: Mexico 
City, AV Reforma No. 450 — 10th Floor, Mexico, 
D.F., 06600, 5 + 514-3003. 


MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bidg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 


NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box 12995, (Bullewijk) 1100 CB Amsterdam, 
Zuid-Oost, Holland 20 + 5602911. 


NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 131, Oslo 1, Norway, (2) 155090. 


PHILIPPINES: Texas Instruments Asia Ltd.: 14th 
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PORTUGAL: Texas Instruments Equipamento 
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SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): Box 39103, 10054 
Stockholm, Sweden, 8 - 235480. 
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6, CH-8953 Dietikon (Zuerich) Switzerland, 
1-740 2220. 


TAIWAN: Texas Instruments Supply Co.: Room 903, 
205 Tun Hwan Rd., 71 Sung-Kiang Road, Taipei, 
Taiwan, Republic of China, 2 + 521-9321. 


UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61 + 442-7162. ae 
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